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PREFACE 



The second volume of the Atlas and Text-Book of Human Anatomy is the immediate con- 
'tinuation of the first, and treats of the viscera and of the heart. It has seemed desirable to in- 
clude the heart with the viscera since it is usually dissected in common with them and its arrange- 
ment with them in the Atlas will consequently be more convenient for the use of the student. 

The selection and mode of reproduction of the dissections are identical with those em- 
ployed in the first volume. Topographic anatomy as such has not been specially considered, 
but in many instances, particularly in the regional illustrations, the method of presentation is 
necessarily of a topographic character. 

All the illustrations in this volume, except Figs. 365-367,* have been produced by the artist, 
K. Hajek, in a thoroughly praiseworthy manner. The same methods of reproduction have been 
employed as in the first volume, viz. autotype (partly multicolored), multicolored lithography 
(Figs. 328, 365-367, 416, 417, 455, 459, 460, 515, 516, and 520-523), and the three-color process 
(Figs. 405-410, 413, 461, 462, 518, and 519). Explanatory figures and diagrams have been 
reproduced by simple line-etchings. Photography has also been made the basis for all the 
original drawings and has been uniformly utilized for the general lines of the illustrations. 

In the production of this volume even more than in that of the first, the publishers have spared 
neither eiBFort nor expense to insure the greatest excellence of the illustrations. 

The Author. 



♦The originals of these three illustrations were drawn by the artist, A. Schmitson. 
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HUMAN ANATOMY 



SPLANCHNOLOGY. 

GENERAL SPLANCHNOLOGY. 

The word viscera in its broadest sense includes all of the organs situated within the cavities 
of the body, so that the brain and spinal cord, the heart, and even some of the organs of special 
sense, such as the eye, might properly be described under this designation. It has, however, 
been customary for the systematic anatomist to include under the term only the organs contained 
within the visceral tube* and to consider the brain and spinal cord under neurology, the heart f 
under angiology, and the eye under the organs of special sense. 

The organs contained within the visceral tube of the body may be grouped into three chief 
subdivisions: (i) the digestive apparatus; (2) the respiratory apparatus; and (3) the urogenital 
apparatus. The uropoietic and genital organs are usually classified together on account of their 
intimate topographic relations, their associated development, and their common origin (with the 
exception of some individual portions) from the mesoderm, and there is equal or even greater 
reason for regarding the digestive and respiratory organs as parts of a common apparatus, since 
the respiratory viscera make their appearance simply as an appendage of the digestive tract, 
the parts of both systems, with the exception of the anterior portion of the mouth, are derived 
from the entoderm, and certain portions of the digestive tract subserve also the function of respira- 
tion. In each of the three chief subdivisions, two principal constituents may be recognized, 
namely, a tubular canal and a series of non-tubular so-called parenchymatous organs, whose 
chief component is termed parenchyma. This is usually a soft, grayish-red or brownish mass, 
which constitutes the secreting epithelial substance of the glandular structures belonging to the 
individual apparatus, or more rarely consists of lymphatic tissue, as in the spleen. 

♦ For a definition of this the reader is referred to the general introduction which follows the thiixl volume, 
t From a topographic standpoint the heart might also be included with the viscera, especially on account of its 
relation to a serous cavity. 

11 — 2 17 
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Since the constituents of each individual apparatus are arranged about a central tubular 
canal we also speak of the digestive tract, the respiratory tract, and the urogenital tract. The 
first two may also be combined under the name of the intestinal tract and, conversely, a portion 
of the urogenital tract may be referred to as the genital tract. The main tubular portion of each 
apparatus may be spoken of in general as a mucous tract, since it is lined by a mucous membrane, 
the most important part of which is the epithelium which covers its surface and which alone 
constituted the primitive visceral tube, although it also contains the tunica muscularis mucosa, 
a thin layer of involuntary muscle-tissue which is well developed only throughout the greater 
portion of the digestive tract. 

In addition to the mucous membrane the tubular portions of the visceral tract also possess 
throughout considerable portions of their extent a tunica muscularis^ the fibers of which are 
frequently arranged in several layers, in which the fibers pass usually in transverse and longi- 
tudinal directions- The mucous membrane is generally freely movable upon the muscular tunic 
on account of the interpolation of a layer of loose connective tissue, the tunica submucosa^ and 
both this and the mucous layers may contain small glands. 

(For a more minute description of the structure of the mucous membrane, etc., the reader is referred to the Sobotta- 
Huber "Atlas and Epitome of Normal Histology," Saunders' Medical Hand- Atlases.) 

The larger glandular structures of the viscera are usually arranged as lateral appendages oi 
the tubular portions and form the greater portion of the so-called parenchymatous organs. Their 




Fig. 321. — Diag^m showing the relation of the viscera to the peritoneum (red): i, A visras which rests on the 
posterior abdominal wall; 2 to 5, viscera which are more or less distant from the posterior abdomin;il wall. 



excretor}' ducts empty into the main tube and, like the glands themselves, arc developed as diver- 
ticula from this, the secreting glandular epithelium being in direct continuity with the epithelium 
of the mucous membrane of the tube. In contradistinction to these glands (glandulcr evehentes)^ 
whose secretion is poured into the tube of mucous membrane through excretor\' ducts, are those 
which possess no excretor\' ducts {glandula clausce), although some of the latter group may have 
possessed ducts up to a certain period in their development, as is the case with the thyroid gland. 
In addition to the true epithelial glands there are also false or vascular glands, represented 
chiefly by the lymphatic glands (lymphoglandulce), the tonsils, and the spleen. The thjTnus 
is sometimes regarded as belonging to this group, but it is developed as a true epithelial gland 
and only later loses its epithelial characteristics by degeneration. Other glands which belong 
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1 the group are the superficial lymphatic structures which occur adherent to the 
rane of the digestive apparatus, among which are the tonsils. 
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The viscera may either be surrounrlcd by the skeleton and muscles, as is the case with those 
" the neck, or else may lie in the large body-cavities. These contain the' so-called serous ca^■ities * 
: sacs, i. e., close<l spaces, which are developed from the primiti\'c body cavity or ccelom. Their 




ning membranes are covered wiih Hat serous epithelium and are known as serous membranes 
unic<e scrosef). 

The serous memliranes are: ihe pm'toiifuni, forminn the single peritoneal cavity; the pleura', 
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le paired tunica- vughiatcs propria- llislis). The latter, the last formed of all the sen>us cavities, 
•iginatc from peritoneal diverticula wliieli acccmipany ilie lesiiele in its descent (see page 127), 
id arc consequently found only in the male. The pericardium surrounds none of the actual 



L'inity of ihe central m 



1 ply interspaces in the ci 



20 ATLAS AND TEXT-BOOK OF HUMAN ANATOIVIY. 

viscera, but contains the heart; the pleurae envelop the two lungs; and the peritoneum invests the 
greater part of the digestive tract as well as a portion of the urogenital apparatus. 

The general relation of the serous cavities to the viscera which they harbor is practically 
uniform throughout (Fig. 321). The viscera push themselves more or less deeply into the closed 
serous sac * so that they carry ahead of them an investment of serous membrane. There may 
consequently be distinguished a parietal layer of peritoneum w^hich lines the abdominal walls 
and a visceral layer which provides a serous envelope for the viscera (Fig. 322). If a Wscus lies 
freely in a serous cavity so that no portion of its surface is in contact with the body wall it is 
connected with this wall by a plate of connective tissue, the lamina mesenterii propria^ which 
transmits its vessels and nerves, and at the junction of this lamina with the abdominal wall the 
parietal layer of the peritoneum becomes continuous with the visceral layer (Fig. 322). The 
structure formed in this manner, and consisting of the lamina mesenterii propria covered on either 
side by serous membrane, is termed a mesentery. 

According to the distance of the viscus from the abdominal wall the mesentery is long or 
short, and the particular viscus is correspondingly more or less movable. This is the relation held 
by the different portions of the intestine to the abdominal wall. Upon the other hand, the viscus 
may project but slightly into the serous cavity, so that it is applied to the body wall by a broad 
surface which remains entirely free itom serous investment (Fig. 321, i); this is the case with 
the adult kidney (Fig. 322). Between these two conditions every possible stage of transitio: 
occurs. Sometimes the \isceral serous coat is intimately adherent to the surface of the viscus,t 
forming its tunica serosa, and in other cases the two structures are separated by a layer of loose 
areolar tissue, the tunica subserosa, which usually contains fat. 

The serous surfaces of the viscera invested by serous membrane are in such close contact 
with each other and with the parietal layer that only capillary spaces remain, and these are filled 
by a verj' small quantity of serous fluid. 

In the individual sections upon Special Splanchnology those organs which possess topographic 
and functional relations to the system under discussion will also be considered, so that the spleen 
will be described with the organs of digestion and the suprarenal bodies with the urinary apparatus. 

One of the first organs to Ix? laid down in the embryo is the intestinal tract, which arises by a folding 
of the entoderm, eventually transformed into a tulx*. This soon enters into relation with the primitive body cavity or 
ccelom, which originates as two cavities, one on either side of the middle line, between the so-called lateral plates of the 
mesoderm, the two cavities sulisetjuently fu>ing to form a sinj;le one. From the primitive intestinal tract are formed all 
the organs of the digestive and rc-spiratorj' tracts, while the urinan*' and genital organs are laid down separately, although 
in the human embryo, as in the adults of almost all the vertebrates except the higher mammals, they terminate posteriorly 
in a ca\'ity, the cloaca, which also receives the termination of the primitive inte>iine (-^ee page 12O). For a certain j)eriod 
therefore, even in the human embr}*o, all the true vi«%cera are connected in the po-^terior portion of the body. 

* In the female the peritoneal cavity is n<jt lompletely closed, but is in communication with the cavity of the female 
sexual apparatas. 

t This adherence is most complete in the ovary, where the serous epithelium of the peritoneum becomes «3irectlv 
continuous with the so-calle<l germinal epithelium of the ovary and the connective-tissue layer of the f)eritoneum simply 
passes into the ovarian stroma. 
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SPECIAL SPLANCHNOLOGY. 

The Digestive Apparatus. 

The digestive apparatus (Fig. 323) includes the actual intestinal tract, taking those words 
in their widest sense, and according to its development this tract may be divided into four por- 
tions: (i) The oral cavity; (2) the foregut; (3) the midgut; (4) the hindgut. The oral cavity 
extends from the lips to the isthmus of the fauces; the foregut comprises the pharynx, the oesopha- 
gus, and the stomach; the midgut is identical with the small intestine; and the hindgut is com- 
posed of the .large intestine and the rectum. The tract commences at the mouth and terminates 
at the anus. 

Associated with the digestive tube are a large number of glandular appendages, namely, 
the small and large salivary glands in the mouth; the pharyngeal, oesophageal, and gastric glands 
in the foregut; and the duodenal and intestinal glands, as well as the two largest glands of the 
digestive apparatus, the pancreas and the liver, in the midgut. The hindgut has only the intes- 
tinal gland^ situated in its walls. Although the spleen is not really an organ of the digestive tract, 
since it originates in the mesenchyma and not from the entoderm, it is usually described with 
the digestive apparatus. The wall of the digestive tube also contains lymphatic aggregations of 
variable size, whose chief peculiarity is that their parenchyma is adherent to the superficial 
epithelium of the gut, which thus becomes infiltrated by their cellular elements. In the upper 
portion of the tract the larger of these aggregations are designated as tonsils, in the lower portion 
as aggregated lymphatic follicles (Peyer's patches).* 

For a certain period in the human embryo the gut is a completely closed straight tube possessing neither an oral 
nor an anal opening. These orifices arc formed later, when the tract has undergone further differentiation, as oral and 
anal ectodermic depressions which deepen and gradually approach the anterior and posterior portions of the intestinal 
tube, until the lumen of the tube is separated from the outer world only by thin membranes, known respectively as the 
pharyngeal and anal membranes. With the rupture of these membranes the two primary body openings are formed, 
from which are soon developed by the formation of septa the oral and nasal cavities upon the one hand and 
the anal and urogenital orifices ufX)n the other. The oral depression forms a considerable portion of the subsequent oral 
cavity, which is consequently very largely of crtodcrmic ralhor than of enlwlermic origin. 

THE ORAL CAVirvr. 

The oral cavity is the first portion of the entire digestive tract. It is an irregularly shaped, 
elongated cavity, situated in the lower portion of the face, and its boundaries are partly bony and 
partly musculocutaneous. It is divided by the two rows of teeth into two incompletely separated 
spaces, the vestibulum oris and the oral cavity proper. 

THE VESTIBULUM ORIS. 

The vestibulum oris (also termed the buccal cavity) (Figs. 326, 327, and 328) is a narrow, 
somewhat semicircular space situated between the cheeks and lips and the teeth. When the 

♦ The true l}'mphatic glands, whiih are found in the vicinity of the digestive ai>paralus, will be considered in the 
section ujKjn Angiology. 
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Fig. 324. — The mouth, chin, and nasal region seen from in front. 

Fig. 325. — The labial glands seen from behind, the mucous membrane having been removed. 

Fig. 326. — View of the oral cavity from in front. 

The cheeks have been (li\'itie<i for some distance outward from the angles of the mouth ; the jaws are widely sep)araled; 
and the lips are everted. 



upper and lower teeth are in apposition it communicates with the oral cavity proper behind the 
last molar tooth, and it communicates with the outer world through the oral orifice (rima oris). 
This is bounded by the lips (Fig. 324), which arc connected at the angles of the mouth by 
the labial commissures and form the greater portion of the anterior wall of the vestibule. The 
upper lip is longer than the lower and its external surface presents a rather broad, shallow, median 
furrow, known as the philtrum^ which runs downward toward the vermilion border and terminates 
in the tubercle of the upper lip. The upper lip is separated from the check by the pmsolabia! 
groove, which passes outward and downward in a slight curve from the ala of the nose. The 
outer surface of the lower lip is traversed by the menlolabial groove, a transverse furrow which 
separates it from the chin. 

The lips are composed of the skin, the labial muscles (see Vol. I, page 180), and the labial 
mucous membrane, the last containing the labial glands (Fig. 325), which are mucous glan*!- 
varying in size from that of a lentil to that of a small pea. 

The posterior surfaces of the lips are connected with the mucous membrane (gingiva) coverini: 
the alveolar processes of the maxillaj and mandible by thin folds of mucous membrane 
known as the frenula of the lips (Fig. 326). The frenulum of the upper lip is always longer and 
more distinct than that of the lower. 

Laterally from the lips the cheeks (buccce) form the external boundaries of the vestibulum 
oris (Fig. 326). Like the lips, they consist of integument (with large hairs in the male), of muscles 
(see \'ol. I, p. 180), and of mucous membrane which in this situation is thin and contains the 
buccal glands (Fig. 325) i)artly embedded in the buccinator muscle (see Vol. I, p. 181) or even 
lying upon its outer surface. In the angle between the buccinator and masseter muscles (see 
Vol. I, p. 183) is situated a marked accumulation of fatty tissue, the buccal jat mass. 

The portion of oral mucous membrane which envel()[).s the alveolar processes and passes 
between the teeth to be attached to the interalveolar septa is of considerable thickness and is 
known as the gum or gingiva (Fig. 329). It is firmly attached to the periosteum by its submu- 
cous layer and is distinguished from the remainder of the oral mucous membrane by its firm 
structure. 

The posterior wall of the ve>tibulum oris is formed l)y the alveolar i)rocesses enveloped by 
the oral mucous membrane and by the anterior or anterolateral teeth. 

The buccal mucous membrane also [)resents the orifuv of tlie |)ar()lid duct fsee page 38). 

THE ORAL CAVITY PROPER. 

The oral cavity pr()[)er ( Fi,<rs. 326, 327, and 7,2^) is l^ounded above by the palate, which 
separates it from the na.sil fo-si-. Its lloor is formed chii-lly by the toiiLTUe (sec page 34), which, 
when the mouth is closed, i)ra( tically fills the cavity, only a relatively small space remaining 
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Fig. 327. — ^View of the oral cavity and palate after dividing the cheeks. 

The mucous membrane of the palate has been partly removed on the right side to show the palatine glands and 
on the left side the glands have been removed to show the interlacing of the muscles of the velum palatinum (*). 

Fig. 328. — A median sagittal section of the viscera of the head and neck. 



between the dorsum of the tongue and the palate. The anterior and lateral boundaries are formed 
by the dental arches, while posteriorly the cavity is only partly bounded by the velum palatinum 
and the palatine arches, since it communicates in this direction with the pharynx through the 
isthmus 0} the fauces. 

The palate y the roof of the oral cavity (Figs. 327 to 330), is further divided into the Jiard and 
the sojt palate. The former accurately corresponds to the relief of the hard palate of the skeleton 
(see Vol. I, p. 78), and its mucous membrane is thick and firm, like that of the gums, and is inti- 
mately connected with the periosteum by strong submucous fasciculi. It contains many mu- 
cous palatine glands which arc of irregular shape and vary in size from 2 to 5 mm. 

In the median line the mucous membrane of the hard palate forms a slightly elevated palatine 
raphe, the anterior extremity of which terminates in a small, rounded, wartlike projection, the 
incisive papilla* which corresponds to the position of the incisive foramen. Anteriorly it also 
presents three or four transverse palatine folds or rugce (Figs. 327 and 329), the development of 
which is subject to considerable variation. 

The sojt palate or velum palatinum (Figs. 326 to 328 and 329) is a muscular plate, richly sup- 
plied with glands and covered upon both surfaces by mucous membrane (see page 41), which sep- 
arates the oral cavity from the nasal portion of the pharynx. It hangs obliquely downward and 
backward, its base being attached to the posterior border of the bony palate and its anterior sur- 
face directly continuous with the mucous membrane of the hard palate. At cither side it is contin- 
uous with the palatine arches which form the lateral boundaries of the fauces and it terminates 
below and behind in a round conical aj)pcndagc, the uvula, whose tip, when its muscles are at rest, 
is curved for\vard. The anterior surface of the soft palate is concave and directed toward the oral 
cavity, the posterior is convex and looks toward tlie i)harynx. The mucous membrane of the 
soft palate is fairly smooth, although it is thrown into slight folds by the relaxation of the muscles; 
it is thinner than that of the hard palate and contains a much greater number of mucous palatine 
glands (Fig. 327), which are also larger and more closely crowded together. The lateral portions 
of the soft palate constitute the two palatine arches, two folds of mucous membrane containing 
muscles, which form the lateral boundaries of ilic istlimus of the fauces (Fig. 326;. (See also 

page 41.) 

The more anterior fold, the glosso palatine arch, passes in a curve from the lower margin of 

the soft palate to the mucous membrane of the lateral border of the tongue, where it broadens 

somewhat and terminates as the plica triangularis (Fig. 351 ). The j)osteri()r or pharyngopalatine 

arch is thicker and straighter than the anterior one and extends between the soft [)alate and the 

outer wall of the oral portion of the pharj'nx. 

* The incisive papilla not infrajuently exhibits in its center one small or sometime^ a j»aire<i pit-like depre>-;i«:)n, the 
remains of the incisive duct (see paj;e S<)V 
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Between the palatine arches upon either side is found the tonsillar sinus, in which is situated 
the palatine tonsil (Figs. 326, 327, 363, and 364), a somewhat flat, oblong elevation upon the 
surface of which deep fissures or depressions, the jossulee tonsillares, are \'isible. Its borders are 
not very sharply circumscribed, but it tills more or less completely the space between the two 
palatine arches.* Just above the tonsil there is frequently a deep triangular pit, the supraton- 
sUlar jossa, which is believed to be the remains of the second pharyngeal pouch of the embryo. 
It contains the orifices of mucous glands which are everywhere so plentiful in the tonsillar region. 



Pharynf;obasilar jmci-i 

Superior lurbinaUd buJy 
Middl/ lurbiHUlcd body 



M. pirrygoidrus intern 
ii. tensor veli palatini 

M. levator veli palatini 




-0:r>i!. 


ny 0/ tuba audiliva 


^f !.-. 


■j.'.ir -.■eli palatini 


\f :„-,', 


,.m.mbran^ol 
'.1 .iH^iliva 


\f h< 


uor veli palatini 


Tr„d,.: 


: ol m. tenioris veli 
palatini 



it. levator vrli palalin 

,\t. plmryngopalalimis 



Fig. 319. — The palaline musrk-s -ifcn [mm 

the luba auctiiiva has been u[>cned up. The m 



On lhi> riRht side ihe levaK 
mbrane ha.4 been ei 



Both the soft palate and the palatine arches contain muscles which are termed the palatal 
and pharj'ngeal muscles. They are ihe following: 

The azygos uvitlcr (in. uvtiht) is a small, unpaired, flat, elongated muscle which arises from 
the f»sterior nasal spine and itTminates in Ihe apex of the uvula, being situated nearer ils posterior 
than its anterior surface. It mil infrequenlly shows indications of being a paired muscle. 

The levator veli palatini i petrosal piiigosluphylinus) {Figs. 329 and 367) Is a rather flat, 
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ic;. 330. — The palate with the superior dental arch seen from below, showing the masticator)- sur- 
faces of the teeth and orifices of the palatine glands (*). 

IG. 331. — The inferior dental arch seen from above, showing the masticatory surfaces of the teeth. 



longalcd, paired muscle which arises from a rough area near the carotid foramen up>on the in- 
Tior surface of ihc petrous portion of the temporal bone (see Vol.1, p. 56), and from the lower 
largin of the posterior extremity of the cartilaginous portion of the tuba auditiva. It pa>se> 
ownward and inward in the outer wall of the nasal portion of the pharjTix (see page 42) 10 the 
)ft palate, where il spreads out in a flat lamina, the fibers of which interlace with those of the 
pj)()sile muscle and with the phar}'ngopalatinus and azygos uxoilae (Fig. 327), forming with these 
luscles an almost continuous muscular plate, situated nearer the posterior than the anterior 
.irface of the soft ])alate, being separated from the latter surface by a thick mass of glands. 

The ioisor vcli palatini [s phcnosal pin^osta phylimis) (Figs. 329, 365, and 367) is a thin. 
Lit, elongated muscle which arises by a short tendon from the spine of the sphenoid, from ihc 
:aj)h(>i(l fossa of the internal i)terygoi(l process, and from the outer wall of the cartila<'inv)j> 
iba auditiva. It is intimately related with the internal surface of the pterygoideus inter?.u>. 
om which il is sei)arated only by the buccopharyngeal fascia QJoX. I, p. 184). The leva'.n: 
;li palatini i> more internal and further posterior than the tensor veli palatini, from which 

is separateil by fatly tissue. 

Al)o\e the hamular process of the internal pterygoid plate the posterior surface of the muscle 
isses inu) a narrow tendon which winds around the hamular process in the sulcus hamuli and 
roaden> out into an aponeurosis which passes almost horizontally across the soft palate to join 
s ft'llow of ihe op[)o>iic ^idc. A small bursa, the bursa m. tcnsoris veli palatini, separates the 
ndon from ilu- bone. Thu aj)()neur()>is formal by the tendons of the two tensores veli palatini 

aitaclu'd to llu- p()>leri()r margin'of the bony i)alale and is situated in front of the radiating 
K'\'> of I he levalorc-s. 

The i;loss()p(iliili}uts iIml^s. 327 and ^^2) is a Hat muscular bundle w*hich forms the anterior 
daiinr an h. Il arises from the transverse libers of the tongue and inserts into its fellow of the 
)j)()>ile >idr in the base of the uvula, being also connected with the radiations of the levator veli 
daliiii. 

The pharyui^opalatinus (Figs. 327 and 365) is better developed than the preceding muscle 
1(1 forms llie posterior palatine arch. It has manifold connections with the constrictors of the 
larynx and may consecjuently be regarded as one of the pharyngeal muscles (sec page 43). 

portion of il comes directly from the constrictor medius and the remainder takes origin from 
e i)osleri()r margin of the thyreoid cartilage in connection with the inferior constrictor. In the 
ft i)alale the muscle has relations similar to those of the glossopalatinus and is particularlv 
timately connected with the radiation of the levator veli palatini. 

'riutrns()rvi"li palatini is inntTvatt*<i from the thinl (livision of the trigt'minu«^thnmKh the otic RanRlion; the romain- 
; must Urs are supplietl from the pharyngeal plexus by filxTS fnwn the spinal accessory and pneumogastric nerves. The 
ait»r vrli palatini and pharynj^opalatini constrict the Isthmus of the fauces. 




glossopalaliru arch, 
phaiyngopalaline arch 



ori/kes of palatine ^nds 



Fig. 330. 




lateral incisor 
central incisor 



oral mucous membrane > 



Fig. 331. 



THE TEETH. 27 

The oral mucous membrane varies in character and thickness in different localities. In the 
floor of the mouth, in the sublingual region, it is thin and is separated from the underlying tissue 
by a loose submucous layer. In the gums and hard palate it is especially thick, and the sub- 
mucous layer in these situations is firmer and immovably connects the membrane with the peri- 
osteum. It is also thick uj)on the dorsum of the tongue, beneath which the submucosa becomes 
the lingual fascia (see page 34). 

A considerable portion of the oral cavity is (levcloj)c(l from the so-called oral invagination (see page 21), an ecto- 
dermal invagination which is at first sei)aratc(l from the endodcrmal intestinal tube by the pharyngeal membrane. At 
a certain peri(xl of development the oral invagination represents both the future oral and nasal cavities, but after the 
disappearance of the pharyngeal membrane and the union of the invagination with the anterior portion of the primitive 
gut, the oral and nasal cavities are separated by the paired palatal plates whi( h develop from the superior maxillary 
processes and fuse in the median line. Thr Hjjs are formed anteriorly during the formation of the face from the maxillary 
and mandibular pnxresses of the first visi eral an h. 

THE TEETH. 

The teeth (Figs. 330 to 340) arc hard conical structures, whose roots are embedded in the 
alveoH of the jaws. The portion of the tooth surrounded by the gums is called the fteck (collum 
dentis), while the portion projecting into the oral cavity is designated as the crown (coron<i dentis). 
The three chief constituents of a tooth are the enamel (substantia adamantine), the dentine (sub- 
stantia eburnea), and the cement (substantia ossea) (Fig. 332). The enamel is found only in the 
crown, while the cement is present chiefly about the root, although it forms a ver\' thin layer 
about the neck of the tooth, where the enamel and the dentine become thinner. The enamel 
has a white glistening surface with a bluish or yellowish shimmer, while the root of the tooth is 
slightly yellowish and dull. 

In the crown of each tooth there may be recognized a masticator)- surface directed toward 
its fellow in the opposite jaw, a labial or buccal surface directed toward the lip or the cheek respec- 
tively, a lingual surface in relation with the tongue, and two contact surfaces in apposition with 
the neighboring teeth. 

The root of the tooth is single or multiple and is generally conically shaped (Fig. 332). At 
its apex is a foramen, the external orifice of tlu- canal of the root, which extends throughout the 
length of the root, and in the region of the neck gradually dilates lo a large cavity situated within 
the crown, the tooth cavity, also known as the pulp-cavity because il is filled l)y a soft non-calcified 
tissue, the dental j)ulp. The shape of the i)ulp-cavity is in general a reproduction of that of the 
entire t(K)th, but it nol infrecjuenlly j^resents fine irregular ramifications. 

The entire set of teelh (Figs. 330 and 331), ihirly-iwo in number in the adull, is known as 
the denture, and is arranged in an up|)er and a lower row, the superior and the injcrior dental 
arch. The upper row is fixed in the alveoli of the superior maxilla and the lower row in those 
of the mandible, the form of arlic ulalion being thai known as gomphosis. The bone and the tooth 
are separated by a thin layer of tissue common to both structures, the alveolar periosteum (Fig. 
332), which in the vicinity of the neck of the tooth is also designated the circular lii^ament. The 
teeth of the two rows resemble each other in shape and size, although the similarity is not absolute, 
and the number of teeth in each row is the siime, namelv, sixteen. 

The teeth of each jaw are divided into four different groups according to their sha|x*, the 
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between individual teeth of the same group, particularly between those of the iippeir 
lower jaw. 

In each jaw there are four incisors, two canines, four premolars and six molars, ihc arrange- I 
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ment of the individual groups being the same in both jaws. The incisors are placed most ante- 
riorly, the two central ones being in contact in the median line; then come on either side a canine, 
two premolars, and three molars, these last being situated most posteriorly. 
The human dental formula is consequently as follows: 
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The incisor teeth (Figs. ^^^ to 337) have flat, chisel-shaped crowns, convex on the labial 
surface and concave on the lingual surface, and thicker but narrower at the base and broader and 
thinner at their free margins. Upon the labial surface are three longitudinal ridges which are 
not always distinctly marked, and upon the cutting-edge of a recently erupted tooth these ridges 
terminate as small projections which rapidly disappear as a result of attrition. The inner comers 
of the cutting-edge are usually sharper than the outer ones, these being generally rounded oflF. 

The crowns of the incisors lie in the frontal plane and present an inner and an outer surface 
of contact. The roots are rounded, of average length, and usually exactly straight; those of the 
lateral incisors are somewhat shorter and slightly flattened. 

The upper incisors are always larger than the lower, and the upper central incisor is always 
larger than the lateral, but in the lower jaw this relationship is reversed. The relative size of the 
incisor teeth is subject to marked individual variations. 

The canine teeth (Figs. ^^;^ to 336) are situated between the incisors and the premolars and 
are of an elongated conical form. Their large, thick, irregularly conical crowns are approxi- 
mately in the frontal plane, so that they present a labial and a lingual surface, and an inner and 
an outer surface of contact. The labial surface is markedly convex, and the lingual is character- 
ized by a slight elevation. The roots are very long and conical, although they are distinctly 
flattened, particularly in the lower jaw. In consequence of their long roots the canines are the 
longest teeth of the entire dentition, and, moreover, their crowns are higher than those of the 
other teeth. The cusp of the crown is blunt and not exactly in the middle of the tooth, but some- 
what nearer its inner side. 

The premolars (Figs. t,t,^ to 336) are characterized by bicuspid crowns which are flattened 
from before backward, and consequently present an anterior and a posterior contact surface, a 
convex lingual surface, and a larger convex buccal surface. The cusps or tubercles are separated 
by an almost sagittal groove (Figs. 329 and 330) in such a manner that the lingual cusp is smaller 
than the buccal one; indeed, the lingual cusj) of the lower first premolar is usually poorly devel- 
oped, but that of the lower second premolar is usually double, so that this tooth, which is 
usually the largest of the j)remolars, is frequently tricuspid. 

The roots of the lower premolars are always single, of medium length, and distinctly flattened. 
Those of the upper premolars vary considerably; that of the first is usually double or at least 
bifid, while that of the second is generally markedly flattened or furrowed and usually possesses a 
double root canal. 
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Fig. 333. — The upper and lower teeth seen from the labial or buccal surface. 

c. Canine; in, incisor; 1, inferior; I, lateral; m, medial; mo, molar; pt, premolar; s, superior. 

Fig. 334. — The upper and lower teeth seen from the lingual surface. 

Fig. 335. — The upper and lower teeth seen from their contact surfaces. 

Fic. 336. — The complete deciduous dentition of a three-year-old child, seen from the labial or buccal 
surface. 
I-, Canine; d, deciduous ; i, inferior; /, lateral; m, medial; mo, molar; ^r, premolar; j, superior. 

Fid. 337. — The lower lateral deciduous incisor, the lower deciduous canine and the two lower decidu- 
ous molars of a two-year-old child. The teeth of the upper row are seen from their 
labial or buccal surfaces, those of the lower row from the same surface and at the same 
time from below. The roots are not yet completely ossified and represent four stages 
of development. 

Fig. 338.— Upper and lower teeth of the skull of a twenty-eight-year-old man in their normal position. 

Fic. 339.— Dentition of a child in the first year. The imperfect teeth which have not yet broken 
through have been exposed by chiseling away the anterior alveolar wall. 

Fig. 340. — Deciduous dentition of the upper jaw of a four-year-old child. 

Fig. 34r. — Deciduous dentition of the lower jaw of a four-year-old child. 

Figs. 342 and 343. — Skull of a five-year-old child with the deciduous and permanent teeth seen from 
in front. The permanent teeth and the roots of the deciduous ones have been exposed 
by chiseling away the anterior alveolar wall. 



AH the molars {Figs. 333 to 335) possess a number of cusps and roots, and their crowns arc 
low and characterized by their large circumference. The number of the roots and the position 
of the cusps arc different in the upper and lower jaw, the upper molars being usually somewhat 
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smaller than the lower and having three roots, while the lower ones have but two. The first 
molar in each jaw has the largest and highest crown, while the third has the smallest and the lowest, 
and, consequently, as a rule, the first lower molar is the largest of the group. 

The cusps of the molar teeth are four, rarely five in number, two being lingual and two 
buccal. In the lower molars the four cusps arc separated by a tolerably regular cruciform groove 
(Fig. 331), and since the lingual cusps are higher than the buccal ones, the lower molars look as 
though they were composed of two fused premolars. The lower first molar usually has five cusps, 
three buccal and two lingual. In the upper molars the buccal cusps are higher than the 
lingual and the separating sulci have the form of a slanting H (Fig. 330), so that the lingual and 
buccal cusps hold an oblique relation to each other. Irregularities in the number and arrange- 
ment of the cusps are common, particularly in the third molar (wisdom tooth, see below), which 
may have from three to five cusps. As in the case of the premolars, the frontal surfaces of the 
crowns of the molars are in relation with each other, so that an anterior and a posterior surface 
of contact may be recognized. Both the lingual and the buccal surfaces of the molar crowns are 
convex, and both surfaces of the upper molars (at least of the first) have a longitudinal sulcus, 
while in the lower molars only the buccal surface presents this marking. 

The lower molars have two roots, an anterior and a posterior, which are sometimes grooved. 
They are of moderate length, compressed in the frontal plane, and their apices are usually bent 
backward. The grooves are an indication that each root is formed by the fusion of two halves, 
and in rare instances more than two roots may consequently be present. 

The upper molars have three conical roots the ends of which are also bent backward. Two 
are buccal and one is lingual (or palatine, /. e., directed toward the palate, posterior). All three 
roots are well developed in almost all cases in the first upper molar, while they may be more or 
less fused in the second. The latter condition is the rule in the third. 

The third molars do not make their appearance until from the twentieth to the twenty-fifth 
year, and have consequently been called the "wisdom teeth'* (denies serotini). They are only 
rudimentary structures in civilized nations, but in ancient skulls and in those of many savage 
races they are well developed and frequently but slightly smaller than the second molars. The 
upper wisdom tooth is always much smaller than the lower, and its roots are usually fused together, 
although the original number is frec|uently indicated, particularly by the number of the root- 
canals. There are frecjuently only three cusps present. The lower wisdom tooth usually has 
two short roots and the crown seems better developed than that of the upper jaw. 

The upper teeth, particularly the front ones, are normally directed slightly outward, those 
of the lower row slightly inward, so that the somewhat larger superior dental arch overlaps the 
smaller inferior one throui^hout its entire circumference. When the dental arches are in apjjosition 
(the so-called position of articulation of the teeth) every tooth is opposed to two teeth of the other 
jaw (Fig. 338), except in the cases of the upper third molars, which are in contact only with the 
lower third molars; this condition is due to the front teeth of the U])per n^w being considerably 
wider than those of the lower. 

In contrast to the thirty-two permanent teeth forming the adult dentition is the deciduous or 
**milk" dentition of childlKxxl (Figs. 338 to 340), which contains but twenty deciduous teeth^ 
namely, eight incisors, four canines, and four molars (Figs. 335 and 336). 
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Fig. 344. — Skull of a five-year-old child, prepared as in Fig. 341, seen from the side. 

Fig. 345. — Upper and lower jaws of a nine-year-old child, prepared as in Fig. 341, seen from the side. 

Fig. 346. — The same preparation as Fig. 343, seen from in front 

Fig. 347. — Upper and lower jaws of a twenty-year-old man, prepared as in Fig. 341. All the teeth. 

except the lower third molars have broken through. 



The dental formula for the deciduous teeth is consequently: 
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The deciduous incisor and canine teeth, although smaller, correspond to those of the perma- 
nent denture not only in number but likewise in peculiarities of shape. They are also found in 
the same situation as the permanent teeth of the same name, while the deciduous molars appear 
at the site of the subsequent premolars. They resemble the permanent molars in having se\"e.'i' 
roots, and in being provided with several cusps. The second (posterior) milk-molars are alnv? 
larger than the first. The upper molars, like those of the permanent dentition,* have three rofi. 
two buccal and one lingual, but these roots present a marked tendency toward fusion. The 
lower molars have two roots, and the crowns of both the upper and lower teeth have from four 10 
five irregularly situated cusps. 

The teeth of the lower jaw erupt normally before those of the upper (Figs. 339 and 3491. 
The lower central incisor makes its appearance usually in the sixth or seventh month and is soon 
followed by the corresponding tooth in the upper jaw (in the seventh to the eighth month). The 
lateral incisors usually erupt in the eighth to the twelfth month, and the lower first molars in the 
twelfth to the sixteenth month, followed several months later by those of the upper jaw. After 
the first molars come the canines (sixteenth to twentieth month) and finally the second molars 
(twentieth to thirtieth month). 

The milk-teeth are gradually replaced by the permanent dentition, so that during a certain 
period in childhood teeth of both sets may be seen alongside of each other, and at this stage the 
jaws consequently contain a large number of teeth in diHerent stages of development (Figs. 342 
to 348). The first permanent tooth to erupt is the lower first molar, which makes its appearance 
from the fifth to the eighth year and is speedily followed by the corresponding tooth in the upper 
jaw. The deciduous central incisors are not replaced until the sixth to the ninth year, and the 
lateral from the seventh to the tenth year. The first premolars erupt from the ninth to the 
thirteenth year, the permanent canines from the ninth to the fourteenth year, and the second 
(posterior) premolars from the tenth to the fourteenth year, these last being almost immediately 
followed by the second molars. The third molars frequently do not make their appearance until 

* The upper second milk molar almost rompletely resembles the corresponding i)ermanenl tooth, while the upper 
first molar Is subjert to great variation in its shape and in the {xtsition of its cusps, which are situated upxm two ridge-Ukf 
prominences (a lingual and a buccal). 
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quite late (the sixteenth to the fortieth year). The upper premolars usually en -t before the 
lower, but with this exception the teeth of the lower Jaw always appear first. 
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hic. 350. — View 01 iho >ublins:ii.il region, ihe mouih being widely open and the tip of the tongue ele^"air: 
Fu;. ;5i. — \*ie\v from »i;H»ve 01 ihe longue removed from the body. 

I'u'.. ;5-\ -Vhv >Vi\^TiwLi\ l.iyer oi the musculaiure of ihe tongue seen from the right side. 

rhi' :r..i:'.^ii:vo l:.i> -m:'. vv.vMix: :r:-.::-.i.\:i.i:f.'.v :o :he rish: of the median line, 
l-'u;. ;5;. -The ii«.r-jkT layer of the musouKiiure oi ihe tongue seen from the right side. 

llV all lL«lt '>*>«!> .,.!> .11.. k «•, »•,.>. ...V. I,\...\ .>*VaVs(i •&> •V.oV** V V» . 



Thr T*s';> ,»i \\w vloviil.i-us :iv:h arv c\vr.:ua'."y aV>>.^rlK\i by :he action of osteoclasts, and their crowns ciikv::.. 
»»iit vM" .III" l»roki'T». ««:: :•.'.»'» h.i:v.v.i".!v. 

iKiii.il .iiiv^vMiii-* .i:v !:v': .\»'v.:r..':'.. .I'th-uc'" ^"^jx^rr.ur.u'rary leeih may be obscn'ed and normal teeth mavbe Pj-- 
ini* I'hi- uppii la'ivr .il iru i-.Ts .in* :**..•>: :ri-.:-.:i :'.:".y .iVscr.:. in whivh ca^e the central incisors are corresp<xidinglv^n!.::r. 
.iiiil supriiursu v.i:> iiiih -.v..*^: ::i.iii' :'.:'.% «vvur i:\ :ho in.ifior s^'l. Anomalies of position are ctxniXKm. Vcn* r:: 

THE TONGUE (LINGUAE 

Thr /.»^•^•//,■ vImi^s. ;jv).niil ^;5C to 557 i> a muscular organ which ahnost entirely fills iher- 
(.i\ii\. li i-^ lovriiil wiih nuuous nu'mbrane and consists of three chief portions: the ini:i 
ami laijusi portivnu aiKuluMl \o ilu- iKkt of the mouth, the body; the anterior portion.:'- 
jriiiii;». iiiui ilu' oral caxiiy. ami com]>lcU'ly clothed by mucous membrane, the tip; and ^P"^ 
It'iior poll ion. aliai hcil \o \\w \\\ou\ hone aiul epiirloiiis, the root. 

Ill ilu- l>»»tl\ of ihc loiii^uo iliciv may Iv rici\L:nij:cd an inferior attached surface and ao"^' i 
MiptiitM MM Lui- or iloisuin which i^ cowrcd ihrouirhout its entire length by the oral mucv 
Muiiil>ianr. Thr lateral mari^in oi ilu- tongue is roumlcil; in its anterior part it is f ree, ^l:- 
|)t»ii'iioil\ ii i> coMiimious wiili the soft palate the irlossopalalinc arch, see page 24). 

W hell ihe nioiiih is closeil. the larger anterii>r portion of the dorsum of the tong;ue is appli'^"- 
|o I in- palaie: is po^ll•rior ]>oriioi\ InM-iler-i iiponihe pharynx ai the isthmus of the fauces (sccTW.''- I 
.|.'i. 'I'hr juiuiion of tile iKniy \viih tile nnM of ilie tongue is indicated upon the dorsum bv- | 
<lepii--ii»n, ilie /«'/■.//;.•<;/ itaum i Iml:. .^51 '. whicli leads into a sliort blind mucous canal, iki 
liHyjhil thitt, an einl»ryi»nii' rudiment wliicli in tlie adult e\hil.>iis tMily llic orifices of a few mucou* 
idaiiii^. JMoiii tile foramen la'cum llie i ircumvallale papilUe .see l.)elo\v) extend laterallv Ix'i": 
arraiijM«l like a leiUr V, liie ape\ of wliicii is directi-d posteriorly and is formed of the foranii' 
ca'ium il'^elf. Parallel ami jii^t i>ONie''inr to the circumvallate papillx there is frequently a gnxnv- 
ilu- suit n\ /. nuimilis, u iiicli indicates I lie di\ idiiiL,' line i)el\veen I lie l)odv and the root of the ton**Ut. 
If lliis Ik- al)Mni, ihe low of circumvallale pai>illa' forms ihi- l)<)undary. 

Tile nH>i of ilu" louL^iie is conni'CU'd with the epis^loliis by three folds of mucous membrari. 
a >in^le wttlifin i^/osso rliii^ltttiit johi an<l two lateral i^losso-rpii^loiiic joliis. Between these fol-.i- 
upon eilher >i(K' of the median line lliere is a roundish j)it which is known as the epiglolt: 
vallnnta. 

In ihe touLTUe two cliii-f constituents, the mucous membrane and the musculature, mav K 
recognized. ri)on llie under >tirface of the tongue these two ccmstitiienis are but loosely attachi*^"- 
to one anoilier, but Uj)on the dorsum the attachment is firmer, the terminal prolongations of ih 
muscle fibiTs insiTiing <lireclly into the linj^ual fascia (Fig. 355), a layer of firm connective tissue 
situaird immedialelv lxni*alh the mucous membrane. 
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Upon the dorsum of the tongue the mucous membrane is sharply divided by the sulcus 
temiinalis or the circumvallate papillae into a portion covering the body and a portion covering 
the root of the organ, and the two portions differ from each other in such a way that the anterior 
one may be termed the papillary portion and the posterior the tonsillar. 

The anterior portion owes its characteristic velvety appearance to the lingual papillae (Fig. 
351), which are in general of a conical shape and project alx)vc the level of the mucous membrane. 
According to their shape, the following varieties may be recognized: 

1. The filijorm papilUe have the form of elongated cones rather than of cylinders, and are 
present in large numbers over the entire papilla r\' portion of the mucous membrane, and especially 
at the sides and tip of the tongue, where they attain their greatest length. The great majority 
of the lingual papillae are of this type. 

2. The conical papillcc are found scattered among the filiform structures and are not sharply 
differentiated from them. 

3. The jungijorm papilUe occur scattered among the filiform papilhT at the sides and tip of 
the tongue and are characterized by ha\'ing the top broader than the base or pedicle. A sub- 
variety of these constitute: 

4. The lenticular papillcc, which are lower than the fungiform but otherwise similar to them. 

5. The circumvallate papillcc (papillae vallatae), so named because they are surroundc^d 
by a circular wall-like elevation of the mucous membrane. They resemble the fungiform in 
shape, but are larger, and their surfaces are frequently slightly depressed beneath the general 
surface. In their more minute structure, however, they differ markedly from the fungiform 
papillae. 

They are few in number and are always arranged in a typical manner upon the dorsum of 
the tongue. Their number varies between seven and twelve, and they are arranged in a V- 
shaped manner, the apex (of the V) being at the foramen ciecum (see page 34). They may be 
situated at unequal distances from one another and rarely they are arranged in two rows. 

6. The foliate papillcc are but rudimentary structures in the human subject.* They are 
arranged in several parallel transverse folds, usually only faintly indicated, ujx)n the lateral 
margins of the tongue just in front of tlie glossopalatine arch (see page 24). Unlike the other 
transverse folds and wrinkles in the relaxed tongue of the dead su])ject, the folds or laminae of 
the foliate papillae are not obliterated by traction. 

(For further details concerning ihc structure uf the lingu.il papilla: see the Soboita-Huber "Atlas and f^pitome of 
Normal Histology/* Saunders' Medical Iland-Atlasts.) 

The iX)sterior tonsillar portion of the lingual mucous membrane is markedly different from 
the anterior papillar}- [>ortion (Fig. ^^51 ). It is characterized by the presence of lymphatic struc- 
tures, the lingual jollicles, which loguther form a dilTusr tonsillar structure, {Ul- lingual ionsiij and 
it is also particularly rich in nuuous glands fsi-i' page 40). Each lingual follicle forms a small 
rounded elevation with a fine central ojuning; at the r(K)t of the tcmgue they form a dense com- 
pact mass, while toward the ej)igl()tiis and the adjacent })alatine tonsil they are more scattered. 

♦ In many mammals, in the ral>l)it, for e.\an»i)le, the foliate papilla: arc well developetl and are the thief site of the 
sense of taste. 
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Fi<>- 354* — ^The musculature of the tongue seen from bdow. 

The genioglossi have been separated from the mandible and the right hyo^^oasus has been cut. 
^^^' 355* — Median longitudinal section of the tongue. 
Fig. 356. — Transverse section of the middle portion of the tongue. 
FiG- 357- — Transverse section of the tip of the tongue. 



The sublingual mucous membrane (Fig. 350) is smooth and thin and exhibits the oidinaiy 
characteristics of the oral mucous mem1;Kl'ane (see page 27). In the median line, beneath ik 
tip of the tongue, it presents a fold, the jrenulum^ to either side of which is found a plica fimbria^ 
(Figs. 350 and 354), which is always well developed in the newborn and less Higriw^, thoup: 
rarely entirely absent, in adult life. This fold is always lobulated in the newborn, Jitwi usuaSr 
so in the adult, and gradually disappears as it runs backward and outward from the anterior 
extremity of the frenulum. In the floor of the mouth just beside the anterior portion din 
lateral margin of the tongue, and running obliquely from behind forward and inwaxd, isafe' 
the sublingual fold (Fig. 350), which is produced by the underlying secretory duct of thesb- 
maxillar}^ gland (see page 39) and usually contains the orifices of the lesser sublingual dwt. 
The two folds converge toward llic posterior extremity of the frenulum, in the inunediate piw* 
imity of which they terminate in a small elevation, the sublingtuU caruncle^ which marks the ori&cc 
of the submaxillarv duct. 

THE LINGUAL MUSCLES. 

The muscles of the tongue (Figs. 352 to 337) are divided into two groups: (i) Th(Ke 
which take origin from the skeleton (skull and hyoid lx)ne) and insert into the tongue; (2) thoa 
muscles which Ix'long solely to the tongue, lx)th the origin and insertion being situated within 
the organ. The first group is composed of llie gcnioglossus, the hyoglossus (chondipglossus;, 
and the styloglossus. 

The gniioglossus (Figs. 352 to 356) is the strongest of all the lingual muscles and arises by a 
tendon from the mental s[)ine (superior genial tulx-rclc) of the mandible. Itisapairedmusdeand 
is situated just to one side of the median line so that the internal surfaces of the twomusdesaic 
in apposition. The majority of the filxTS terminate in the lingual mucous membrane^ ornther 
in the lingual fascia, Init the most inferior fasciculi pass almost horizontally backward immediatdy 
alx)ve the geniohyoid and insert into the bnly of the hyoid lx)ne and into the epiglottis (by means 
of elastic tendinous fasciculi). The adjacent iilx-rs also at I'lrst pass backward from their point of 
origin, but soon curve shari)ly ui)ward to insert into the mucous membrane of the dorsum, while 
the most anterior I'lbers pass almost vertically upward and then curve slightly forwazd into the 
tip of the tongue. 

The hyoglossus (Figs. 352 to 354) is a Hat quadrangular muscle situated at the side of the floor 
of the mouth, and arises from the b(xly and greater and lesser cornua of the hyoid bone. The 
ixjrtion coming from the lesser comu, which is known as the chondroglossus (Fig. 353), is not 
always present. The portion of the muscle arising from the body of the hyoid bone is the strongest, 
that originating from the greater comu being considerably flatter, and the fasciculi from both 
origins pass obliciuely upward and fonvard into the tongue, where they pass between the longi- 



THE TONGUE. 37 

tudinalis inferior and the styloglossus, partly interlacing with the latter muscle. The fibers of the 
chondroglossus, concealed by the remaining portions of the hyoglossus, pass from the lesser comu 
to the dorsum of the tongue to mix with the fibers of the longitudinalis superior. 

The styloglossus (Figs. 352 to 354) is a well-defined muscle which arises from the styloid 
process of the temporal bone and frequently also from the stylohyoid and stylomandibular liga- 
ments. It becomes markedly flattened as it approaches the tongue and is inserted principally 
into the lateral margin of that organ as far forward as the tip, lying laterally to the hyoglossus 
and longitudinalis inferior, some of its fibers also being continuous with the muscular layer 
designated as the longitudinalis superior (see below). Smaller fasciculi, situated internally and 
above, penetrate obliquely into the posterior portion of the tongue as far as the median line. 

The muscles situated entirely within the tongue arc as follows: 

1. The Umgitudinalis injcrior (Figs. 354 and 356), a flat well-defined muscle upon the 
lower surface of the tongue, situated between the genioglossus and hyoglossus behind and between 
the styloglossus and genioglossus in front. Its fibers run in the sagittal plane. 

2. The longiitidifialis superior (Figs. 355 to 357), a layer of sagittal muscular fasciculi 
placed immediately beneath the mucous membrane of the dorsum of the tongue and largely made 
up of prolongations from the other lingual muscles (see above). It is consecjuently not a separate 
and distinct muscle. 

3. The iransversus lingiuc (Figs. 356 and 357), composed of a large number of muscular 
fasciculi which run almost transversely from the median septum to the surface of the Hngual 
mucous membrane, in such a manner that they are intersected by numerous vertical and sagittal 
fasciculi, and finally insert Ix'tween the lamelke of the radiating filxTS of the genioglossus. The 
fasciculi of the glossopalatinus are intimately connected with the transversus lingua? and some 
of them originate from it. 

4. The veriicalis iperpcndicuhiris) linf^iuF (Fig. 356) includes all the fasciculi which pass 
vertically through the tongue from the dorsum to the suhHngual mucous membrane. 

Between the two genioglossi in the median plane there is a connective-tissue partition usually 
containing fat, the septum (Figs. 353 and 356), which fades away as it approaches the dorsum 
and does not reach the mucous membrane. It gives origin to the fasciculi of the transversus. 

The fibers of all the lingual muscles interlace abundantly, es])eeially toward their insertions, 
which are not actually into the mucous membrane i)r()})er but rather into the adherent lingual 
fascia. 

All the lingual inu<(li'-^ an* Mipjjlii'd by tin- hyjx)^l<>s^;il ncrvr. The linguiil glands arc ( on^idcri'*! iijmn j>am' 40. 

Thf (IfvclopnuMit <>t the loiimic i^ iiiiifiiiit«ly i omin u •! with that of the nr.il < a\ ily. The ijnriiim- of the t«>ii)^uc sit- 
uated in front of an«i lu-hind the -ii!i us h riiiiria.is an- fi>rm<«l iii(i(i>tn(knt'\, thr anicrinr |wirtii»n ari-.:ri^ j»artly frciin thi' 
jiaircfi man<lil)ul.ir jinx (■■i•^l*s and jiartly fmni ihf >«) « allrd tulxn iTuni ini;»ai uliii h forn> tlu- niidcllc «»f tin- anterior |K)rti<>n 
of the tonRue, while thr root origin. it(s from |Htrtions of thf -» i <»ii<l .md third visceral .in hr^. 



THE GLANDS OF THE ORAL CAVTTY fTHE SALIVARY GLANDS^. 

The glands which secrete the s;iliva (Figs. ,^^39 to ^^61 and 364) are divided into two groups: 
the numerous small glands in the walls of the oral cavity and the three large {paired ) salivary glands. 
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duct and are known as the accessory parotid gland. The parotid gland is grayish-yellow or 
yellowish-brown in color and seems distinctly lobulatcd like the other salivary glands, but the 
lobules arc quite small; at the margins of the gland ihey are frequently isolated, but throughout 
the chief mass of the structure they are arranged compactly. 

The submaxillary gland (Figs. 359 and 360) is a rounded structure, the long axis of which 
is in the sagittal plane. It is found in the neck, in the submaxillary region, immediately beneath 
the platysma and the cer\'ical fascia, the latter structure forming a fibrous capsule for the gland. 

The greater portion of the submaxillary gland lies beneath the mylohyoid muscle in the 
space between the angle of the jaw and the two bellies of the digastric (Fig. 360). It also borders 
upon the stylohyoid and stylogk)Ssus, and its internal surface is in relation with the hyoglossus. 
The external maxillary (facial) arter}' and its accompanying vein run in the immediate vicinity. 
The upper margin of the gland rests against the body of the jaw and is lodged in a depression 
which is not always distinct, the submaxillary depression (see Vol. I, j). 72). 

The gland is yellowish-white in color and is distinctly lobulatcd, the lobules being consider- 
ably larger than those of the parotid. A thin and markedly flattened glandular process extends 
upward between the internal pterygoid and the mylohyoid to the sublingual gland and accom- 
panies the secretory duct for some distance (Fig. 359, *). 

The submaxillary duct {ductus Wlmrtoni) (Fig. 359) is the size of an ordinary quill; it is 
given off from the upper part of the gland and runs above the mylohyoid, between that muscle 
and the mucous membrane of the floor of the mouth (or the sublingual gland), passing from behind 
fonvard and inward and producing the sublingual fold (see page 36) . The orifice in the oral 
cavity is situated on the sublingual caruncle beside the frenulum beneath the tip of the tongue 

(Fig- 350)- 

The sublingual gland (Figs. 359 and 361) is an elongated flattened structure with its long 

axis in the sagittal plane, and may be distinctly seen beneath the mucous membrane of the floor 
of the mouth when the tip of the tongue is raised. The external lx)rder is lodged in a depression 
in the inferior maxillar)' lx)ne, the sublingual depression (see Vol. I, p. 72), and the posterior 
margin is in relation with the submaxillary gland, the internal margin with the genioglossus, 
and its lower surface rests uiK)n the mylohyoid. In the immediate vicinity of the gland are the 
sublingual arter)' and the lingual nerve. 

The gland is white or light-gray in color and has distinct lol)ules which are smaller than 
those of the submaxillar}'. It is the smallest of the three salivar\' glands and is not so compactly 
arranged, frequently consisting of several glandular masses which are only loosely connected. 
It does not ]"K)ssess a common duct, but the stxretion from the distinctly separated glandular 
comixments is i)oured out through ten or twelve ducts known as the lesser suhliiii^util ditcts [ducts 
of Rivinus), which empty immediately into the oral cavity l)y a numlK-r of small ])unetiform 
orifices in the region of the sublingual fold (Figs. 350 and ^^i)). The anterior ])ortion of the gland, 
however, fa^quenlly gives off a somewhat larger duct, which is known as the :^reater sublingual 
duct {duct of Bartholin), iind this either empties independently at the sublingual caruncle beside 
the submaxillary duct or pours its secretion into the latter structure immediately Infore its termin- 
ation. Both the submaxillar)' and the sublingual glands conse(iuenlly empty into the oral cavity, 
while the orifice of the duct of the parotid gland is situated in the vestibulum oris. 
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[The sublingual glands differ from the submaxillary and parotid in that each is really composed of a number of 
independent glands which open into the oral cavity, each by its own duct. These glands are known as the alveoh* 
lingual glands and their existence explains the multiplicity of ducts which characterizes the sublingual. — Ed.] 

The greater number of the smaller glands of the oral cavity have been previously considered 
(see pages 22 and 24). They are found generally distributed throughout the walls of the oral 
cavity and are usually smaller than a pea and of irregular shape. In some situations they are 
isolated, while in others they are compactly arranged. The following groups may be recognized: 

1. The labi<il glands (Fig. 325), in the submucosa of the lips, situated between the mucous 
membrane and the musculature; 

2. The bticcal glands (Fig. 367), situated between the oral mucous membrane and the 
buccinator, between the fasciculi of the latter muscle, and even upon its outfer surface; 

3.* The molar glands (Fig. 327), small isolated structures in the mucous membrane behind 
the last molar teeth; 

4. The lingual glands^ of small size, situated beneath the mucous membrane of the dorsum 
and partly surrounded by muscular tissue. According to their structure they are partly mucous 
and partly albuminous glands, and they are almost entirely absent from the tip of the organ, more 
nimierous at the lateral margins, and particularly plentiful in the region of the circumvallate 
papillae (albuminous glands) and among the lingual follicles. A somewhat larger gland among 
the smaller ones is the anterior lingual gland (gland of Blandin or Nuhn) (Fig. 357), situated in 
the tip of the tongue, which in reality is a conglomerate of several smaller glands. It is placed 
between the muscular fibers in the tip of the tongue and empties by several ducts upon or near 
the plica fimbria ta; 

5. The palatine glands (Fig. 327) are found in the mucous membrane of both the hard 
and the soft palates and particularly in the uvula, where they frequently lie between the muscle 
fibers. These glands are present upon both surfaces of the soft palate, but the anterior ones 
are much larger and more compactly grouped. They extend along the palatine arches to the 
tonsillar sinus, where they are exceedingly plentiful. 

The lips are supplied with blood by the superior and inferior labial arteries; the accompanying veins empty into the 
facial. The lymphatics of this region drain into the submental lymphatic glands. The upper lip is supplied with sensation 
chiefly by the infraorbital nerve (second division of the trigeminus), the lower lip by the mental nerve (third division of the 
trigeminus); the labial muscles, like all those of the face, arc supplied by the facial nerve. 

The arteries for the cheeks are the branches of the external maxillary (facial), the transverse facial, and the infraor- 
bital and buccal branches of the internal maxillary. The veins empty into the anterior facial vein, and the lymphatics pass 
to the submaxillary and parotid lymphatic glands. The skin is supplied with sensation by the infraorbital nerve, the 
mucous membrane by the buccal nerve. The motor nerve is the facial. 

The arteries for the teeth in the u])pcr jaw come from the internal maxillar\' (the superior anterior and posterior alve- 
olar branches of the infraorbital artery) ; the nerves from the second division of the trigeminus, the anterior superior alve- 
olar branches passing to the incisors, the middle superior alveolar branc hes to the canines and premolars, and the posterior 
superior alveolar to the molars. The teeth in the lower jaw are sui)i)lied by the inferior alveolar (inferior dental) artery 
and nerve. 

The hard palate receives its blood -supj)ly from the great palatine branch of the flcsccnding i)alatipe and its nerves 
from the anterior palatine. The soft palate is supplied by the lesser palatine arteries and the middle and posterior 
palatine nerves. The l\Tnj)halic vessels of the palate empty into the deep facial lymphatic glands. 

The tongue has two j)ro|)cr arteries, the Unguals from the external carotids. Their chief and terminal branches, the 
deep lingual arteries (ranine), pass forward to the tip of the organ to anastomcxse with each other in the ranine arch. The 
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accompanying veins which transmit the greater quantity of the return blood empty into the common facial vein. The 
tongue is supplied by three pairs of nerves; the hypoglossal nerves innervate the muscles, the lingual nerves from the third 
division of the trigeminus supply sensation (the contained fibers of the chorda tympani also regulating secretion) ; the glosso- 
pharyngeal nerves are distributed only to the circimi vallate papillse and their immediate vicinity and are the si>ecial nerves 
of taste. The lymphatics of the tongue pass to the small lingual lymphatic glands situated in the floor of the mouth. 

The arteries supplying the parotid gland are the superficial temporal and the transverse facial; the veins empty into 
the venae comites of the above-mentioned arteries or into the external jugular. The lymphatics drain into the parotid 
l3rmphatic glands. The secretory stimuli are furnished by branches of the auriculotemporal nerve. 

The submaxillary gland receives its blood -supply from the external maxillary (facial) artery and the return blood is 
poured into the anterior faqial vein. The lymphatics pass to the submaxillar)' lymphatic glands and the secretory nerve is 
the chorda t}Tnpani (running in the lingual nerve). 

The sublingual gland is supplied with blood by the branches of the sublingual artery and its veins empty into those 
of the tongue. The lymphatics run to the submaxillary lymphatic glands, and nerve fibers are furnished by the lingual 
(chorda tympani). 

THE FOREGUT* 

The foregut includes the pharynx, the oesophagus, and the stomach. 

THE PHARYNX. 

The pharynx (Figs. 362 to 367) may be regarded as a cylindrical tube, markedly flattened 
from before backward, and is situated in the vertical axis of the body. The lateral and posterior 
walls are composed of muscular tissue, but anteriorly it communicates by a large opening with 
the nasal and oral cavities. Its roof is formed by the base of the skull. Its posterior wall is in 
relation with the anterior surfaces of the cervical vertebrae and extends downward to the inter- 
vertebral disc between the bodies of the sixth and seventh cervical vertebrae, where it passes 
into the oesophagus; it is separated from the anterior longitudinal ligament and the.longi capitis et 
colli by loose areolar tissue and by the deep (prevertebral) layer of the cervical fascia. Its lateral 
wall is in relation with the common and internal carotid arteries, the internal jugular vein, and 
the glossopharyngeal, pneumogastric, spinal accessory, hypoglossal, and sympathetic nerves. 

The pharyngeal cavity (Figs. 328, 364, and 365) is flattened from before backward and is 
composed of three parts which are placed one above the other but are not sharply separated; 
they are the nasal portion (nasopharynx), ihc oru! portion (oropharynx), and the laryngeal portion 
(laryngopharynx). The nasal portion (Figs. 362 to 365) communicates with the nasal cavity 
through the choanae (see page 87) and is separated from the oral cavity by the soft palate. Its 
highest portion is known as the pharyngeal jornix (V'v^. 363) and is situated immediately beneath 
the base of the skull. 

Each lateral wall of this portion presents the pharyn^^cal orifice of the tuba auditiva (Eu- 
stachian tube), which is on a level with the inferior meatus of the nose. It is a slit-like opening, 
directed obliquely from above downward and from before backward, the anterior and posterior 
boundaries being respectively designated as the anterior and posterior lip. The posterior lip 
is the thicker and contains the free extremity of the cartilaginous tube, which causes a pro- 
jection known as the tortus tuharius (Fi<i;. 365) (see section on Organs of Special Sense), while 
the anterior lip is continuous with a fold which gradually disappears upon the posterior surface 
of the soft palate, the salpingopalatine jold (Fig. 362). At the lower margin of the opening of 



42 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 

Fig. 362. — ^View of the nasal portion of the pharynx seen from behind, the posterior pharyngeal wall 

being divided in the middle line. 

Fig. 363. — View of the nasal portion of the pharynx and the left palatine tonsil, glossopalatine and 

pharyngopalatine arches. 

The skull is divided close to the median line, the uvula cut off at its root and the tongue drawn somewhat forward. 
Fig. 364. — ^Viewof the pharynx from behind, its posterior wall being divided in the median line. Hori- 
zontal incisions have also been made in its upper portion and its posterior and lateral 
walls reflected. 

Fig. 365. — The muscles of the palate and pharynx seen from behind. 

The pharynx has been opened along the posterior median line and its walls turned back. The constrictors have 
been exposed from the inner surface. On the left side the levator veli palatini has been removed. 

Fig. 366. — The constrictors of the pharynx seen from behind. 

The posterior part of the skull has been removed. *=» A bundle of the superior constrictor arising from the base of 
the skull. 

Fig. 367. — The constrictors of the pharynx seen from the side. 

The ramus of the mandible and the lateral portions of the skull have been removed; also the stylopharyngeus, the 
anterior belly of the digastric and the styloglossus. * — A bundle of the superior constrictor arising from the base of the 
skull. 



the tube there is an inconstant elevation caused by the underlying levator veli palatini, and a 
rather distinct fold, the salpingopharyngeal fold (Figs. 363 and 364), extends from the torus 
tubarius to the lateral pharyngeal wall, where it gradually disappears, and above and behind 
the torus tubarius the pharyngeal fornix upon either side forms a narrow blind pocket, the 
pharyngeal recess (cavity of Rosenmiiller). Between the two tubal orifices and actually in the 
roof of the pharynx is situated the pharyngeal tonsil (Fig. 363), a lymphatic structure which 
is usually distinct only in children.* 

The oral portion of the pharynx communicates with the oral cavity through the isthmus of 
the fauces, the boundary being marked by the phar3mgopalatine arches (see page 24). It is 
the narrowest portion of the pharynx and presents no special structures, except a fold of mucous 
membrane, the pharyngo-epiglottic jold, which passes from the lateral margin of the epiglottis 
to the outer pharyngeal wall and separates the oropharynx from the laryngopharynx. 

The laryngeal portion of the pharynx (Figs. 364 and 365) is the only portion which has an 
extensive anterior wall. It lies behind the larynx, the posterior wall of which is distinctly visible 
through the thin pharyngeal mucous membrane, so that there may be recognized a median 
elevation produced by the plate of the cricoid cartilage (and the arytenoid cartilages) and two 
deep lateral depressions which correspond to those between the cricoid and arytenoid cartilages 
internally, and the posterior surface of the thyreoid cartilage externally. These lateral depres- 
sions arc termed the piriform recesses and present a fold of mucous membrane, the fold for the 
laryngeal ner\'e (Fig. 364), which passes obliquely from above downward and from without 
inward, and contains the superior laryngeal nerve. In the laryngopharj^nx is also situated the 
entrance to the lar>'nx or adittis laryngis (see page 97). 

The pharyngeal wall consists of a mucous membrane, of a submucous layer, and of a mus- 

* The typical pharyngt-al tonsil of the child consists of a number of rirlges separated by sulci which converge toward 
a depression, the bursa pharyngca (Fig. 363). This depression subsequently disappears. 
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cular coat. The mucous membrane is red and smooth, rather thin in its inferior portion, and 
contains small mucous pharyngeal glands (Fig. 366), especially abundant in the upper portion. 

In this upper portion the musculature is absent for a distance of about two centimeters, and 
the submucosa in this situation forms a strong fibrous membrane which is designated as the 
pharyngobasilar jascia {pharyngeal aponeurosis) (Figs. 363 and 365) and inserts into the base 
of the skull. 

The muscular coat of the phar}'nx (Figs. 365 and 366) is found in the lateral and posterior 
walls with the exception of the uppermost portion. It consists practically of circular j&bers 
which meet in the median line, the pharyngeal raphe (Fig. 366), and partly interlace, and in it 
there may be recognized three flat, thin muscles situated one above the other and known as the 
constrictors of the pharynx. 

The constrictor pharyngis superior {ce phalo pharyngeus) (Figs. 366 and 367) is composed 
of four portions, named according to their origins, which unite to form a single muscular lamina 
in the lateral wall of the pharynx. The uppermost fasciculi coming from the hamular process 
and the contiguous portion of the internal plate of the pterygoid process are designated as the 
plerygopharyngeus; the next fasciculi arc those of the bucco pharyngeus and represent the back- 
ward continuation of the buccinator, from which they are separated by the pterygomandibular 
raphe (Fig. 327); the mylo pharyngeus comes from the posterior part of the mylohyoid line of 
the mandible; and the small glosso pharyngeus (Fig. 353), the most inferior portion, originates 
in the lingual musculature, chiefly from the fasciculi of the trans versus linguae (see page 37). 

The constrictor pharyngeus medius (hyo pharyngeus) (Figs. 366 and 367) arises from the 
lesser (chondropharyngeus) and the greater (ceratopliaryngeus) comua of the hyoid bone. Only 
the middle fasciculi pass horizontally to meet in the median raphe, both the upper and the lower 
fasciculi running obliquely (upward or downward as the case may be) and consequently meet- 
ing in the raphe at an acute angle. As a result of this insertion the upper apex of the muscle 
covers, the constrictor pharyngis superior, while the greater portion of the muscle is itself covered 
by the constrictor phar)'ngis inferior. 

The constrictor pharyngis injcrior (laryngo pharyngeus) (Figs. 366 and 367) is the largest 
and much the longest of the i)haryngcal constrictors. It consists of two portions which are 
separated only at their origins. The larger superior i)ortion, known as the thyreo pharyngeus 
(Fig. 367), arises from the entire outer surface of the plate of the thyreoid cartilage, extending 
from the superior to the inferior cornu; the smaller inferior portion, termed the crico pharyngeus 
i (Fig. 367), comes from the outer surface of the ring of the cricoid cartilage. The libers of this 
latter portion run almost horizontally; the libers of the upper portion, on the contrary, pass 
obliquely upward (the uppermost onis rather sharj)ly) and form an acute angle, the apex of which 
is directc*d upward and conceals the greater j)orlion of the constrictor medius. 

The stylo pharyngeus (Fig. 366) ac ts as an elevator of the pharynx. It arises from the inner 
side of the styloid process of the temi)oral bone at the side of and behind the pharynx, and forms 
a slender, slightly flattened muscle which broadens as it approaches its insertion. The majority 
of the fibers pass into the lateral wall of the pharynx between the superior and inferior constric- 
tors, with which they interlace, especially with the latter. A few fasciculi also pass to the lateral 
margin of the epiglottis and to the upper margin of the thyreoid cartilage. 
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Fig. 368. — Upper portion of the oesophagus, with the aorta and its branches and the trachea and its 

divisions seen from the right side. 

Fig. 369. — Lower portion of the cesophagus and the stomach, with the aorta and a part of the diaphragm. 
The diaphragm and the pylorus of the stomach are drawn upward and the stomach is rather strongly contracted. 



The salpingopharyngeus (Fig. 365) is an inconstant muscle situated in the fold of the same 
name, which arises from the cartilaginous end of the tuba auditiva (Eustachian tube) and passes 
to the lateral wall of the pharynx. 

The pharyngeal muscles are innervated through the pharyngeal plexus (see Neurology). 

THE (ESOPHAGUS. 

The (esophagus (Figs. 368 and 369) is a muscular tube about 25 centimeters in length which 
is immediately continuous with the lower portion of the pharynx above and with the cardiac 
portion of thfc stomach below. It consists of three portions — the cervical, the thoracic, and the 
abdominal. The thoracic portion is by far the longest, while the abdominal is very short. 

The cervical portion (Fig. 368) is continuous with the pharynx at the level of the sixth cer- 
vical vertebra or at the disc between the sixth and seventh vertebrae, this point likewise marking 
the boundar}' between the trachea and the lar\'nx. As the pharynx is exactly behind the larynx, 
so the oesophagus is at first directly ix)sterior to the trachea and immediately in front of the cervical 
vertebnc and the long cervical muscles, being separated from the latter by the deep layer of the 
cervical fascia (prevertebral fascia) and by loose connective tissue. 

Il has in general an almost vertical direction, but even at the beginning it show^s a slight 
tendency to deviate toward the left, so that the lower part of the cervical portion projects to the left 
somewhat beyond the trachea. This deviation is slight in the cervical region but becomes greater 
in the thoracic |)ortion of the organ, which extends from the superior thoracic aperture to the 
a'sophageal oi)ening in the dia])hragm, and is situated in the i)Osterior mediastinum (see page no). 
Unlike the cervical |>ortion, the thoracic cesophagus is not ])laced immediately in front of the 
vertebne, but is separated in its lower portion from these structures by the aorta. It maintains 
throughout the thorax its general vertical direction, following, however, the curvature of the thor- 
acic vertebra^ in its upper ])orlion. The begin nin«^' of il is near the anterior surface of the vertebral 
column and a])])roximateIyin the median line, and at the tracheal bifurcation the greater iX)rtion 
of the viscus is lx:hind the left bronchus, while l)elow this ])oini il is in contact with the posterior 
wall of the pericardium (Fiij;. .\bo). In the laiur situation it is still near the middle line, and for 
a short distance pursues a course almost j)arallel with the descending aorta which is situated to 
the left, but in its further course the (eso|.)ha<,'U> j)a>^es to the left and in front of the aorta, the 
latter structure displacing it more and more from the median line and from the anterior surface 
of the vertebral column. In this manner the u'soj^hai^us c^os.■^e^ the aorta at an acute angle 
:Fig. 369) and takes a position in front of ihi* laller and markedly to the left of the median line. 

The ui)i)er portion of the thoracic (esophairu^ i< in relation upon the rii^dit with the vena 
a/ygos and ])osteriorly with the thoracic duel. The i)neumogastric nerves al^o lie immediately 
u])on the crsophagus (see Neurology). 
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The oesophagus enters the oesophageal opening in the diaphragm at the level of the ninth 
thoracic vertebra, the length of the opening corresponding to the width of a vertebral body. At 
its passage through the diaphragm it has already taken up its position well to the left of the 
median line, which is practically occupied by the aorta. 

The abdominal portion of the oesophagus is atout i centimeter long. It passes from the 
diaphragm rather suddenly to the left (Fig. 369) and empties into the stomach at the level of the 
eleventh thoracic vertebra. 

The oesophagus is not of uniform caliber throughout, but exhibits a variable number of 
constrictions with intervening fusiform dilatations. It is especially narrow at its commencement, 
at its passage through the diaphragm and frequently where it crosses the left bronchus. Its 
wall gradually diminishes in.thickness from above downward owing to the replacement of the 
striated by the nonstriated musculature, and in the empty state of the organ the mucous membrane 
is arranged in marked longitudinal folds and the lumen is (juite small. In the dead subject 
both the oesophagus and its lumen are usually markedly flattened from before backward. The 
distinct submucosa contains small mucous a'sophageal glands, and the muscular tunic is com- 
posed of an inner layer of circular and of an outer layer of longitudinal fibers, the fasciculi of the 
longitudinal fibers appearing as fine longitudinal stripes upon the outer surface of the viscus. 
In its course through the posterior mediastinum (see page no) the musculature is reinforced 
by fasciculi which originate from the mediastinal pleura (ni, pi cur ocv so phage us) and from the 
wall of the left bronchus {m. bronchoivsophagcus), 

(For further details concerning the histology' of the oesophagus the reader is referred to the Sobotta-Hubcr "Atlas 
and Epitome of Normal Histology.") 

THE STOMACH (VENTRICULUS). 

The stomach (Figs. 369, 370, 372, 373, 375, 405, 406, 416, and 417) is a sac4ike dilatation 
of the digestive tube intervening betwri-n the (esophagus and the intestine. Its general shape 
is piriform (Fig. 370), being broad and thick toward the left and narrow and thin toward the right, 
and its upper margin, known as the lesser ciin'aturc, is sliort and concave, while its lower one, the 
greater ciircaturc, is long and convex. To tlie curvatures the i)entoneum is attached, and blood- 
vessels pass aloni; thein. The rei^n'on at which the cesoj^hagus enters is known as the n7rr//(7 and 
is situated on the uj)])er ])or(ler of the slomath at the li'ft end of the lesser curvature, and the 
junction with the intestine, known as the pylorus^ occurs at the right extremity of the stomach. 

There may be recognized an anterior and a ])o^ttTior wall, both of which are convex and 
separated ln)m eacii otiii-r by the ( urvatiin-s, and three chief gastric subdivisions: the cul de-sac 
to the left of the cardia, liie jitndu^: the body: and the pyloric portion. 

The portion of the st()nia( h adj.-Kciit to the pylorus is fre«iuently sej)arated from the body 
of the viscus bv a sliLrht con>trii ii"n. .iikI its ia\ilv is known as the pyloric unlrum 1 Fi^. ^7^). 
The pylorus itself appears uj)<»n liii i\tcrnal -urface of the >tomach as a slight circular con- 
striction (Fig. 370), but uj)on the internal surfan ; l''ig. 375) it takes tin- form of a cinular fold 
of no great height which is known as the pyloric valve, in the pyloric region the lesser curvature 
becomes convex and the greater concave, >in( e the stomach cur\l•-^ upward in this .situation. 

The greater ]>ortion of the stomach is >ituated in the left half of the I^kIv ; the pyloric |K)rtion 
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Fig. 370. — The stomach, moderately distended, seen from in front. 

Fig. 371. — The layers forming the wall of the superior portion of the duodenum, seen from the exterioi 

Fig. 372. — The superficial musculature of the stomach, seen from in front and somewhat from ahov( 

after removal of the peritoneum. 

Fig. 373. — The deeper layers of the stomach musculature, seen from in front. The longitudinal muj 

culature has been completely removed, as has also the upper portion of the circula 
musculature. 

Fig. 374. — Portion of the mucous membrane of the stomach, magnified four diameters. 

Fig. 375. — The stomach and duodenum opened from in front. Bristles have been inserted into th 

openings of the bile and pancreatic ducts. 



only passing to the right of the median line, so that but about one-sixth of the entire organ lie 
within the right half of the body. The main portion of the stomach is in the left hypochondria< 
region, the pylorus is in the epigastric region, although in the distended state the viscus alsc 
occupies more or less of the mesogastric region. The fundus is the highest portion of the stomach 
being situated above the cardia, which in turn is higher than the pylorus, and the lowest portioi 
of the viscus is the most curved portion of the greater curvature; consequently the longitudina 
axis of the stomach passes obliquely from above downward and from left to right. 

The fundus is in relation with the left leaflet of the diaphragm, with the spleen, and wit! 
the left lobe of the liver, the latter structure covering the cardia, the lesser curvature, and part o 
the pylorus (Hg. 407). The pylorus is in contact with the quadrate lobe of the liver and tht 
gall-bladder, and is continuous with the ducxlcnum. The great omentum is attached to the grratei 
curvature (Fig. 407) (see under Peritoneum, page 75^ which is also in relation with the trans 
verse colon, while lx*hind lies the i)ancreas, separated from the stomach by the bursa omentalis 
as well as tlie left kidney and the left sui)rarenal body. 

With reference to the skeleton the stomach is situated at the level of from (the tenth or) the 
eleventh to the twelfth thoracic vertebra. The cardia is in front of the tenth or eleventh thoracit 
vertebra and behind tlie insertion of the seventh costal cartilaj^e into the sternum. The pyloru: 
is at the right l)or(ler of the twelfth thoracic vertebra. 

The size of the stomach varies <'reatlv according to its dej^ree of distention or contraction 
a comj)lctely emj)tie(l and contracted stomach, relatively infrecjuent in the cadaver, looks ven 
small and simulates intestine, while the irivater curvature of a markedlv distended viscus ma^ 
extend downward to the navel. Durini^' marked distention tlie stomach also undergoes a rotatior 
ufK)n its k)ngitudinal axis so that the greater curvature assumes a more anterior position. Tht 
average length of the stomach is 25 to :;o centimeters, its average width 12 to 14 centimeters, anc 
the average thickness of its wall (which likewi>e varies greatly with the degree of distention) 2 o] 
^ millimeters. 

The serous peritoneal covering of the anterior wall is furnished by the greater peritonea 
cavity, while that of the i)osterior wall comes from the bursa omentalis isee under Peritoneum 
page S2\ The other constituents of the gastric wall are the muscular coat, the submucou: 
coat, and the mucous coat. The latter differs in structure in the pyloric portion from the mucosi 
in other parts of the stomach. 
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The gastric musculature (Figs. 372 and 373) consists exclusively of non-striated fibers, 
which in general are arranged in throe layers, although these layers partly intermingle and cannot 
be demonstrated in all portions of the organ. The middle layer, composed of circular fibers, 
the circular layer, is the thickest and extends ihrougliout the entire length of the stomach, forming 
a thickening at the pylorus, the m. sphincter pylori. The outer longitudinal layer is the immediate 
continuation of the longitudinal musculature of the resophagus and is chiefly developed at the 
lesser curvature, from which it radiates obliquely to become lost toward the fundus and the body 
of the stomach; in the pyloric ])()rlion it becomes thicker on the anterior and posterior walls 
to form the anterior and posbrior pylorir lif;ui>u'nts. The fibers of the innermost layer arc known 
as the oblique fibers and are well developed only in the region of the fundus and body and run 
from the left side of ihc cardia o\er the anterior and posterior walls to the greater cur\'ature, 
crossing the fibers of the circular layer obliquely and partly interlacing with them. 

In the contracted or sem (contracted condition of the stomach (Fig. 375) the mucous coat is 
thrown into tortuous longitudinal folds, whose direction is most distinct toward the pyloric 
portion. They are interrupted by coarser and liner systems of transverse folds, so that smallareas 
of mucous membrane are formed, which measure 2 or 3 millimeters in diameter and are known 
as gantric areas. All these systems of folds gradually disiippear during the distention of the 
stomach. At the pylorus the mucous membrane forms a circular fold over the m. sphincter 
pylori, the pyloric valve (Fig. 375), 

The gastric mucous membrane varies in color from reddish to light gray according to the 
amount of contained blood. In the stage of marked conge'stion (the condition during digestion) 
the superficial veins arc visible. The orifices of the gastric fo\ca; appear as fine points (Fig. 
374) which can be distinctly recognized only with tlie aid of a lens. 
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The stomach rcceivin four larj;.' arli-rii-, tin' »;.i.~lriia -iiiivtra lEn^Iril'l anil dexira (pvlorirlimd Ihe fSostrocpipUm-a 
sinistra ■nddextra; ihi* lirsi i«o run toward ladi .iihiralonKihi-li'..MT lurvature. whik- the lust Imi \iaVX a similar rela- 
tion to the greater tun-aiurr. Alliln-.-vt<,-.Korininati'frnni ilKt'ifliacanery. liulfmnidilTtTfnt liRirnhMfifil, imlythc 
gasttica sinittn (gastricj. whith also siii>|ili<s Ihi' aUlominiil jioninii of ihi- n'.<>>]iliat!us. arisinRdiniily frfini ihe cii-liiic 
Inink. Tie similarly namnl jja-lrii- vHns ll.mdinvily or indirnily imo the porial vein, usjally lhrou|;h the splenic. 
The lympliatics empty imo the riiliaclyniplialiitjlan'ls. Tlu'iiervrsof iliesiomai lnomefrom11ieiHii|ineum(igasIriisiLs 
well as from the ra-lisic plexus of ihi- -.yiii|iaiheiLc. 

THE MIDGUT OR SHALL INTESTINE (INTESTINUH TENUE). 
The small intestine (Figs. 371, 376, 378, and 40S) is a cylindrical tulx' alxiut 6.5 meters long 
which commences at the pylorus and gradually but constantly diminishes in calilx.T as it passes 
downward to empty into the colon. 
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Fig. 376. — A portion of the jejunum, opened along the line of the attachment of the mesentery and 

spread out. 

Fig. 377.-^A portion of the ileum similarly treated. 

Fig. 378. — A portion of the lower loop of the ileum, cut open along the line of the attachment of the 

mesentery, showing Peyer's patches. 

It is composed of two chief portions': (i) the duodenum, which is firmly attached to the 
posterior abdominal wall, and (2) the freely movable larger portion, the mesenterial intestine, 
so called on account of its possessing a mesentery (see page 73). the mesenterial intestine is 
further divided into the jejunum and the iieum, which pass into each other without demarcation 

The small intestine is an almost exactly cylindrical tube whose caliber is about one-third 
less at its termination than at its beginning. With the exception of a portion of the duodenum, 
it is completely invested by peritoneum, which forms its serous coat (Fig. 371) and is separated 
from the underlying intestinal musculature by a thin layer of subserous tissue. The pen'tonciiJ 
laminae forming the mesentery are separated by a narrow interspace (Figs. 376 and 377) and 
insert into the posterior part of the intestinal circumference. 

The average thickness of the wall of the small intestine is not great and naturally varies 
according to the degree of contraction. The muscular coat (Fig. 371) is composed of a con- 
tinuous outer longitudinal and of an inner circular layer. The remaining coats are the sub- 
mucous and the mucous, the latter possessing a lamina muscularis mucosae, as is the case through- 
out the entire digestive tract. 

(For further details concerning the histolog)' of the intestinal wall sec the Sobotta-Huber "Atlas and Epitome of Nor- 
mal Histology.") 

The mucous membrane of the small intestine contains short tubular intestinal glands and 
also presents small liliforni ])r()jc'Ctions, 0.5 mm. in k-n^rth, the intestinal villi. These are peculiar 
to the small inlusliiU" and aiv found ihroui^hout its entire length, giving the surface of the mucous 
membrane a characlcrislic wlvety apjx'arance (Fig. ^^76). With the exception of a small portion 
of the (liioclcnum the subnuicosa contains no glands. 

The mucous membrane is furtluT characicrizc-d bv In-in^ thrown into transverse folds known 
as the ciriular jolds (valvnUv connivcntcs Kcrckrin<:^ii] (Figs. 376 to 378). They commence at 
the suj)erior duodc-nal tlcxurc* and extend to the termination of the small intestine, but toward 
the ileum (Figs. 377 and 378) they gradually become fewer and lower, and occur in the terminal 
portion of the ileum only as isolated structures. They are produced by foldings of the mucous 
membrane but not of the remaining intt'Minal ttmit >, m) that the folds are visible only upon the 
inner surface of the intestine. Tliev rarelv extend throuL{h()ul the entire circumference, usuallv 
being sickle-shapi-d (])articularly in the iK-um) or extending over but slightly more than half of 
the intestinal wall.t 

* ThesuiHTior portion of tludiUMlrruini lia- cithrr no valvuhr • onnivcnics or merely iii(li( ations of them. 

t Till' (in ular fol<N are not ol)litetai«Ml in ihe <li-.ienfh'<l inti'-fine. \\'h« n tin vi^« u- i- « ontrai ted, as is frequently lh< 
ea>e in the tadavt-r. indistinct l(«n^iiu<linal fo!<U may he oh^erveil \\hi< h di-sanj)tar immediately u|)on distending th< 
lx)\vel, the only permanent longitudinal fold whir h i> indeju-ndi'nt of the «!< j^m- ..t di-tintion being the longitudinal fold of 
lh«'duo<lcnum. 
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The mucous membrane of the small intestine, especially that of the ileum, contains a great 
number of lymphatic structures. These are found both as solitary lymphatic nodules about the 
size of a millet-seed (Fig. 377) and as groups of the same which form placques several centimeters 
in length (Fig. 378). The latter are known as aggregated lympliatic noduies (Peyer's patches) 
and occur only in the ileum. 

THE DUODENUM. 

The duodenum (Figs. 375, 392 to 394, and 413) was originally so named because its length 
was supposed to correspond to the breadth of twelve fingers placed side by side. Its shape is 
approximately that of a horseshoe, the concavity toward the left accommodating the head of 
the pancreas. It commences at the pylorus and extends to the duodenojejunal flexure. 

It may be divided into a superior portion, a descending portion, and an inferior portion. 
The superior portion is the first part of the duodenum and runs almost directly from before back- 
ward to become continuous with the nearly vertical descending portion at the superior duodenal 
flexure (Fig. 375). The inferior duodenal flexure connects the descending with the inferior por- 
tion, the upper portion of the latter being almost horizontal, and forming what is sometimes 
termed the horizontal portion of the gut, while its termination bends upward and to the left, 
forming the ascending portion. 

The relations of the duodenum are somewhat complicated (Figs. 392 to 394 and 413). It 
is in contact with the following organs: the stomach and gall-bladder (superior portion), the liver 
(superior and descending portions), the pancreas (concavity of descending portion), the inferior 
vena cava, the right kidney and suprarenal body (descending portion). The inferior portion 
lies in front of the vertebral column and aorta and behind the root of the mesentery (see page 76). 
The superior and shortest portion is the only part of the duodenum which is situated directly 
behind the anterior alxlominal wall as the direct continuation of the stomach,* the descending 
portion being concealed by the transverse colon and the inferior ix)rtion being in contact with 
the posterior abdominal wall Ix'hind the mesentery. The superior mesenteric vessels pass in 
front of the inferior portion, and the portal vein, arising behind the head of the pancreas (see page 
62 and section upon ''Angiology"),is posterior to the superior portion. 

With reference to the skeleton the junetion of the siij)erior portion with the pylorus corre- 
sponds to the disc between the last thoracic and the first lumbar vertebra, the sufHrrior portion 
itself being opj)osile to the first lumbar vertebra. The descending portion runs downward on 
the right side of the lumbar vertebral column to the (third or) fourth lumbar vertebra, while the 
inferior portion ])asses u])\\ar(l over the (fourth and) third to the second lumlxir vertebra, the 
duodenojejunal flexure beiriL,' situalerl at the left side of the IxmIv of the second luml>ar vertebra. 
The perit(meal investment of the duodenum is incomplete, so much of the inferior |M)rtion as lies 
behind the root of the mesentery and thi* j)art of the descending portion situated JK'hind the 
transverse colon having no peritoneal covering whatever; the intervening {K)rtion, however, 
receives a reflection ui)on its anterior Mirfaie fnmi the ascending mesocolon. The only parts 
receiving a jxirtially complete peritoneal envelope are the sui)erior and the descending portions. 

♦ Even this ixirtion is lar^tly « oru imI*-*! ]>y ilu- ri^ht IoIk' of the liver, ;in»i the i'litiri" Miprriur |M>rtinii j^ coii«'C»iut'ntIy 
invisible until this IdIk* is r.ii^cl upw.inl. 

ir-4 
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In general the duodenum presents the typical characteristics of the small intestine, and 
especially those of the jejunum, its peculiarities, in addition to its situation and relation to the 
peritoneum, being as follows: Its superior portion has no valvulae conniventes, as these do not 
usually make their appearance until the superior duodenal flexure is reached ; in the submucosa 
of this superior portion, however, large numbers of duodenal (Brunner's) glands occur (Fig. 371). 
These are irregular compound glands varying in size up to that of a hemp-seed ; they extend 
downward for a variable distance, but are always absent in the inferior and usually also in the 
descending portion of the viscus. 

The descending portion of the duodenum contains the orifices of the conmion bile-duct 
and of the pancreatic duct. The common bile-duct, known as the ductus (communis) choledochus 
(see page 61), traverses the intestinal wall obliquely, and produces, just before its termination, 
a perpendicular fold of mucous membrane, the longitudinal fold of the duodenum, at the lower 
portion of which the ductus choledochus and pancreatic duct empty either by a common orifice 
or by two openings separated by a transverse fold. Both ducts usually unite shortly before their 
termination, causing a slight elevation characterized by delicate folds of mucous membrane, the 
duodenal diverticulum (diverticulum of Vater), The longitudinal fold crosses the valvals con- 
niventes at right angles, is rounded and but slightly elevated, and is the only permanent longitu- 
dinal fold throughout the entire small intestine. It is situated at the middle of the posterior 
surface of the duodenum. Somewhat nearer the stomach and more medially is a small wart-Uke 
elevation known as the duodenal papilla (papilla of Vater), upon which may sometimes be seen 
the orifice of the somewhat variable accessory pancreatic duct (see page 63). With the exception 
of its position and relations to the peritoneum the inferior portion of the duodenum differs in no 
respect from the jejunum, into which it passes without demarcation at the duodenojejunal flexure, 
which turns rather sharply forward and downward. 

The layers of the duodenal wall (Fig. 371) are similar to those of the small intestine in general. 
The longitudinal musculature of the ascending portion is reinforced by a broad flat band arising 
close to the abdominal aorta from the crus of the diaphragm, and kno\\Ti as the m, suspensorius 
duodeni [muscle oj Treitz)\ it serves to maintain the duodenojejunal flexure in position. 

THE MESENTERIAL INTESTINE. 

The mesenterial intestine, in contrast to the firmly fixed duodenum, is a freely movable 
portion of the intestine suspended by a broad mesentery and ca])able of assuming a variety of 
transverse oblique or almost vertical coils * (Figs. 408 and 40(;). It is situated chiefly in the meso- 
gastric and hypogastric regions. The upper coils are usually those of the jejunum, the lower 
those of the ileum. The commencement of the mesenterial intestine which follows immediately 
upon the duodenojejunal flexure, and its termination emptying into the colon, have the shortest 
mesentery, and since the entire surface of this ])ortion of the bowel is enveloped by peritoneum, 
with the exception of the narrow insertion of the mesentery, it forms a smooth and cylindrical 
tube. 

The jejunum commences at the duodenojejunal flexure and gradually passes into that portion 

* V'wv chief coils are usually differentiated in the small intestine, but they are subject to great variation. 
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of the small intestine which is termed the ileum, being distinguishable from this by a number of 
relative characteristics, although there is no sharp demarcation between the two portions. It is 
situated in a general way in the hypogastric regions (particularly in the left) and partly in the 
lateral abdominal (especially in the left) and umbilical regions (Fig. 408). It is larger in caliber 
than the ileum (3.5 to 4 cm.) and has thicker walls, larger circular folds, and longer villi, but, 
on the contrary, contains fewer lymphatic structures and no Peycr's patches whatever. 

The more slender ileum (which has a caliber of but 2.5 cm. at its termination) occupies the 
lower halves of the hypogastric and lateral abdominal regions (particularly the right) (Fig. 408); 
in the female a coil usually lies in the recto-uterine pouch and in the male in the rectovesical fold, 
consequently in the true pelvis in both instances. The lower transverse coil of the ileum which 
empties into the colon has a rather constant position. It passes almost transversely across the 
right psoas or ascends slightly from left to right and from before backward to its termination in 
the right iliac fossa, its mesentery gradually becoming narrower. The circular folds are almost 
entirely wanting from the lower portion of the ileum, but Pcyer's patches are frequent in this 
situation and rarer in the upper portion; they are frequently of considerable size (10 to 12 centi- 
meters in length), and are always found opposite the mesenteric attachment and in the long axis 
of the bowel. Over their surface the villi arc rare or entirely wanting. The solitary follicles 
also larger in the ileum than in the jejunum. 

THE ENDGUT. 

The endgut is composed of the large intestine and of the rectum. 

THE LARGE INTESTINE. 

The large intestine (Figs. 379 to t^^t^, 408 to 410) is an apj)roximately cylindrical tube from 
120 to 150 cm. in length and of variable width. It is composed of two main portions: the cacuniy 
with the vermijorm appendix, and the colon. These two portions, exactly ahke and not sharply 
demarcated, are arranged in a large horseshoe loop about the small intestine, the large intestine 
becoming continuous with the rectum on the left. The general characteristics of the large 
intestine are as follows: It is the widest segment of the gut (in the restricted sense of the latter 
word); its caliber is greatest at the c:ecum and diminishes toward the rectum; its wall when 
viewed from without is not smooth, like that of the small intestine, but usually exhibits sacculations 
(haustra) due to constrictions produced by three longitudinal muscular bands, known as the 
bands of the colon, whic h extend throughout the entire length of the large intestine (with the 
exception of the rectum). They l)egin in the caTum at the base of the appendix and extend 
along the colon at about eijual distances from eacli other, as smooth glistening bands about 8 
mm. wide, which do not follow the configuration of the sacculations. The band situated at the 
place corresponding to the mesenteric insertion is termed the mcsocolic hand, the opj)Osite one 
the jree band, and the third the omental band, since it corresponds to the site of the adhesion of 
the great omentum to the transverse colon (see page 75). The sacculations clisappear after the 
removal or complete relaxation of the bands. 

The outer surface of the large intestine is further characterized by subserous accumulations 
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Fig. 379. — The caecum and appendix together with the terminal part of the ileum seen from behind. 
Fig. 380. — The transverse colon cut transversely, seen from the cut surface. 
Fig. 381. — A portion of the transverse colon seen from in front and below. 

The right end of the piece has been cut oi>en and spread out. 

Fig. 382. — The caecum with the appendix and the lower portion of the ileum. 

The cscum is distended and its lateral wall has been removed. An incision has been made in the wall of the appen* 
dix and a sound (♦) passed through it into the caecum. 

Fig. 383. — The caecum and terminal part of the ileum divided by a frontal section. 

The appendix has been cut off near its root and a sound (*) introduced into its lumen . 



of fat which hang down from the region of the omental and free bands as pedunculated irregular 
lobulated appendages enveloped by serous membrane. They are known as the epiploic append- 
ages and arc subject to manifold individual variations in number, size, and shape. 

The interior of the large intestine exhibits transverse semicircular folds, the semilunar foldSy 
which correspond to the constrictions between the sacculations. As a rule, their length corre- 
sponds to the distance between two bands, but they may be somewhat longer. In contrast to the 
circular folds of the small intestine, these folds include the entire thickness of the intestinal wall, 
since the constrictions contain circular muscular fibers, and since the sacculations gradually 
disappear during relaxation of the bands the semilunar folds may become correspondingly 
indistinct, portions of the colon thus occasionally coming to resemble the small intestine in 
appearance. 

The mucous membrane of the large intestine is smooth and has no villi. The small circular 
orifices of the intestinal glands, which are especially large, increase in size toward the rectum, 
and are not visible without the aid of a lens. Solitar}' lymph follicles are also present in moderate 
numbers. 

(For iht' liiuT (lifhTcncts from llic >nKill inlr><tinc and for funluTcl flails conccming the wall of the large intestine 
sec t hi- SolxUia-IIulxT "Alia- and Kj)ilonn- of Normal Ili-tolo^'v.*') 

The muscular roat of the lari^c intestine consists of an outer longitudinal layer, which is 
markedly thickened at the hands and hut feehly (levelo])e(l between them, and of a continuous 
circular laver. 

The C(ccum (Fi<(s. 379, 382, and ^Sj;) is that portion of the lar^e intestine which is situated 
below the orifice of the ileum. It is about 7 cm. lonjir, and ecjually as wide (6 to 8 cm.), conse- 
quently presenting an a|)])roximately spherical shape. It is the widest ])ortion of the entire 
large intestine and u])on its inner wall })resents a valve ai the orifice of the ileum, the valvula 
coli\ ileocacal valve {valve oj Bauliin, 0/ l^ulp.), formed by two folcl^ of mucous membrane which 
are termed the upper and the lower lip of the valve. They are formed not only of the mucous 
membrane but also of the two muscular layers of the ileum, and are so placed that they project 
into the ca'cum. Their surfaces, which are directed toward the large intestine, have the character 
of the mucous membrane of that ])ortion of the intestine, while those which are turned toward 
the lumen of the small intestine are covered with villi to the edge of the valvular orifice. When 
()])en the lips of the valve are se]>a rated by an elongated slit j)ointed at either end, and when in 
contact they form a tolerably complete closure between the large and small intestine. From 
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the lips of the valve semicircular folds radiate to the inner surface of the anterior and px)sterior \^ 
walls of the caecum, resembling the semicircular folds, except that they are longer. They are 
termed the frenula (anterior and posterior) of the valve and form the boundary- between the 
caecum and the colon. 

The caecum lies in the right iliac fossa with its lower extremity at the level of the center of 
the inguinal (Poupart'sj ligament; when distended it is in contact with the anterior abdominal 
wall. 

It usually possesses only a short mesenter}* kno\Mi as the mesocxcum, and is consequently 
almost completely enveloped by peritoneum and is somewhat more movable than the adjacent 
ascending colon. It may. however, like the ascendinir colon, be broadly attachtxl to the 
posterior abdominal wall see aL>o |)a,ire 761. The omental band is situated upon the right side 
of the caecum, and all three bands converge toward :he base of the appendix. 

The processus vennijormis or appitiilix (Figs. ;7o, 3S2, 3S;, and 415'! of the human subject, 
a small, slender portion of the larcre intestine, is a blind rudimentary structure of ver\* variable 
development. Its length varies between 3 and 20 cm. 1 although these extremes may in rare 
cases be exceeded), the average beinir alx)ut 9 cm. When the caTum is empty its slightly conical 
apex is continuous with the appendix; but when it is distendt^, as in its normal condition, the 
appendix arises from the inner (^r po^^terior wall, and is usuall\ curveil in a most variable 
manner, being som.etimes slightly and sometimes markedly convoluted or partly coiled up, 
sometimes hanging do\\'n into the pelvis or at other times situatal in front of the caecum. At its 
origin from the ciecum it is funnel-shaped, and its orifice is guardal by a sickle-shaped fold of 
variable development which is directed downward and to the right and is termed the Vdlvc 0} the 
vermijorm process •app:udix\. 

The lumen of the api)endix is normally very small: the weak muscular wall is rich in lymph- 
oid nodules and poor in intestinal glands. Indeed, the lymphoid tissue of the appendix is so 
dense that it seems to form a circular Peyer's patch, and the mucous membrane in consetjuence 
is relativelv thick. 

The colon Fi^-. 40) and 41c is the longest jn^rtion of the large intestine and is comjxvsal 
of four parts: the a-cendinu' colon, the immediate ujnvard continuation of the ca*cum: the trans- 
verse colon; the flt-rrnrlini: cc»lon: and the transition to the rectum or the sigmoid colon 
(s. romanum, sigmoid i\xun-). At the junction of the ascending and transverse colons the gut 
is bent at a right anirle, the r/;7z/ \inpii::>'\ ;Irxurr 0; tJir <<>/(>;/, and at the junction of the 
transverse and desccndinir (o|r)n tlure i^ an acute /('// yspltnir'^ ;!, v//rc. 

The asrnid'nr^ iftbu 'Fig-. 4co and 410^ ]»as>es alnio-i vertically upward, in from of the 
right (|uadratu> lunil>or-.:m and in i:-!Tmrd;,ite contact with tiie right kidney, to the lower surface 
of the right lobe of the livrr. v.li. rr it iTexlui x- the colic :ni]>re--ion -see ]>age 5»)\ It lies chielly 
in the rvA\i lumbar, latrral a^dnmin.il. ;in'l iunochondriac regions, is usuallv di-^lended in the 
cadaver, and has verv well mar'::* <1 -.k < il.itiDn-. Whrn markedly distended, only a iK)rtion of 
the ascending colon is in contact with ilu an'arior alxK^ninal wall. It> free band is vr\ its anterior 
surface, its omental band r,n it- latt ral, and it> nu-ocolic band u|H)n il> medial surface. Only 
the anterior and lateral walls of the a^cending colon po»e» a peritoneal invotnunt ^mv also page 
7O;. 
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Fig. 384. — Mucous membrane of the rectum, four times enlarged. 
Fig. 385. — The rectum seen from in front. 
Fig. 386. — The rectum laid open lengthwise. 



The transverse colon (Figs. 408, 409, and 410) has a relatively long mesentery and is freely 
movable. It passes almost transversely across the upper part of the umbilical region from the 
right to the left hypochondriac region, immediately behind the anterior abdominal wall, from 
which it is separated only by the adherent great omentum. Since the left flexure is higher than 
the right, the transverse colon ascends slightly from right to left, and at the same time it describes 
an arch, the convexity of which is anterior, since the transverse mesocolon is longest in the 
middle and shorter at the ends toward the flexures. 

The upper border of the transverse colon is in contact with the liver, the gall-bladder, the 
greater curvature of the stomach, and the spleen. The coils of the small intestine are below it, 
while behind il are situated the duodenum (inferior and descending portion) and part of the 
pancreas. It also is usually distendcni in the cadaver and frequently so markedly so that it over- 
laps the stomach and displaces the large omentum. Its free band is on its inferior surface, its 
omental band on its upper anterior, and its mesocolic band on its upger posterior surface. 
Epiploic appendages are usually found only along the free band and its sacculations are ver\* 
distinct, although occasionally not so well developed as in the ascending colon. 

The descending colon (Figs. 40(; and 410) commences with the splenic flexure at the lower 
pole of the s])leen and in front of the left kidney. It is situated in the left hypochondriac, lumbar, 
and lateral alxlominal regions in front of the left quadratus lumborum and at the outer border 
of the kft kidnc-y: it has no mc-scniiry and is in immediate contact with the posterior abdominal 
wall. Unlike the ascendin.i^ colon the (lesrendini: colon as well as the splenic fle.xure is usuallv 
em])ly in the cadaver. AlK)ve it is in relation with the tail of the pancreas, and below, in the 
left iliac fossa, it ])asses in front of the external iliac ve>sels to become directly continuous with 
the sigmoid colon. In the cadaver it is usually se])arate(l from the anterior abdominal wall by 
coils of the small intestine. The arranujement of its bands is })recisely like that in the ascending 
colon, its caliber is considerablv smaller, and its sacculation^ are not so pronounced and mav be 
even almost entirely absent for a certain di-lance. 

The sii^nioid colon i I'^ii^s. ^oi) and 410) is the immediate continuation of the descending colon, 
from which it is distini^iiished by tlie ]K)ssession of a broad me>entery, the sigmoid mesocolon, 
and by its consecjuent mobility. In other respects it is exactly like the descending colon except 
that the sacculations continue to become more scanty and the bands become broader as the 
rectum is approached. 1 1 u>ually con>ists of two j)arallel limbs which are slightly cur\'ed and 
])ass transversely in front of the left ]>^<>a>, and below the promontory it passes (juite gradually 
into the rectum. Its position is variable, but is usually arran.i^ed in a loo}) which is directed 
u])ward, although one of the branches of the loop may lie in the true pelvis. When markedly 
distended a portion of varying length is frefjuenlly in contact with the anterior abdominal wall. 
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THE RECTUM. 

The rectum (Figs. 384 to 386, 481, 482, and 502) extends from the colon to the anus. Its 
upper end lies somewhat to the left of the median line and is continuous with the sigmoid 
colon immediately below the promontory of the sacrum, the mesentery becoming much nar- 
rower at its origin. It is in general a cyhndrical canal, 15 to 20 cm. in length; its outer 
surface is smooth and consequently resembles that of the small rather than that of the large in- 
testine, this condition being due to the fact that the longitudinal bands of the colon spread out 
upon reaching the rectum and form a continuous rather thick longitudinal muscular layer, the 
sacculations consequently disappearing entirely. 

The rectum does not pursue a straight course in the body but exhibits a number of flexures, 
the chief of which lie in the sagittal plane, the upper one corresponding to the concavity of the 
sacrum. It is concave anteriorly and convex posteriorly and is kno\vn as the sacral flexure. 
This upper cur\'ed portion of the rectum is continuous with a lower curvature, the perineal flexure 
(Figs. 482 and 483), which is situated in the same plane, and is concave (superiorly and) posteriorly 
and convex (inferiorly and) anteriorly; it is produced by the passage of the rectum over the 
tip of the coccyx. The terminal portion of the rectum, which ends at the anus, is called the anal 
portion. 

In addition to these double sagittal cur\'es the upper portion of the rectum also presents 
a cur\'ature in the frontal plane. From its junction with the sigmoid colon, somewhat to the left 
of the median line, the rectum passes first to the right of the median line and then shows a slight 
cur\-ature, the convexity of the curve being directed toward the left. Not until it reaches the 
level of the coccyx does the rectum lie exactly in the median line. 

The part of the rectum alx)ve the anal portion presents, especially in the distended state, 
a distinct fusiform dilatation known as the rectal ampulla (Fig. 386). The posterior rectal 
wall is in contact with the anterior surface of the sacrum and coccyx, and only in its upper 
portion does the rectum possess a complete peritoneal investment (Fig. 481) and a mesentery 
which extends as low as the second sacral vertebra and is called the mcsorectum. Below this point 
the ix)sterior surface of the rectum has no peritoneal coat for 12 to 14 cm., so that the longitu- 
dinal musculature of the rectum in this location is in contact with the vessels and nervt*s situatt*d 
ui>on the anterior surface of the sacrum and coccyx. On the anterior surface the peritoneal 
covering extends much further down, reaching alx)ut the level of the last sacral vertebra, but 
below this, the rectum, and particularly the ampulla, is completely free from peritoneum (about 
5 cm.). 

In the female the antirior wall of the rectum is in relation with the vagina and uterus (Figs. 
502 and 503), in the male with the ])la(lcler, seminal vesicles, and the j)rostate gland (Figs. 
482 and 483). Hrtwirn these parts, so far as the ])eritoncal covering of the anterior rectal wall 
extends, is the recto-uterine pouch in the female and the rectovesical j)ouch in the male (see page 
77). Coils of small intestines may lie in thrse ])Ouches and consequently come into relation 
with the anterior rectal wall. In its inferior non-])eritoneal i)ortion the anterior rectal wall is 
in imme<liate contact with the vagina in the female and with the bladder and prostate in the male. 

The inner surface of the rectum is in general smooth, in contrast with that of the other 



56 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 

portions of the large intestine, but the mucous membrane is raised into a variable number of 
transverse jolds.* A tolerably constant fold, particularly well developed upon the right rectal 
wall, occurs at about 6 to 8 cm. above the anus (Fig. 386). In the anal portion the mucous mem- 
brane forms 6 to 10 longitudinal folds or ridges known as the rectal columns {columns of Mar- 
gagni). They commence about 2 or 3 cm. above the anus and terminate in the hemorrhoidal 
anntdus (Fig. 386), a circular elevation immediately above the anal orifice, corresponding to 
the position of the external sphincter (see page 159). Between the rectal columns corresponding 
sacculations occur, each of which is known as a rectal sinus (sinus of Morgagni). The hemor- 
rhoidal annulus contains the venous anastomoses of the hemorrhoidal plexus. The intestinal 
glands reach their greatest length in the rectal mucous membrane and their orifices may be 
recognized as fine points by the naked eye (Fig. 384). In the anal portion the mucous membrane 
gradually assumes the characteristics of the integument, with which it is directly continuous. 

The anal orifice or anus (Fig. 385) is formed by distinctly pigmented skin rich in sebaceous 
glands and always furnished with large hairs in the male. When closed its integument is thrown 
into radiating folds. 

The musculature of the rectum is very strong and at the anal orifice becdmes associated 
with striated muscle (see page 159). The circular layer becomes thicker at the lower end of the 
rectum, about 3 cm. above the anus, this thickening of the involuntary circular fibers forming 
what is termed the sphincter ani intcrnus (Fig. 386), in contradistinction to the voluntary sphincter 
ani cxtcrnus (see page 159). A less pronounced reinforcement of the circular layer along the line 
of the most marked transverse fold, is termed the sphincter ani tertius. 

The rcctococcygeus is a paired muscle which arises from the anterior surface of the second 
or third coccyj2:cal vertebra and passes to the posterior surface of the rectum, radiating into its 
longitudinal muscular layer, and fibers of the involunlar}* rectal musculature frequently pass to 
the i)ro>lale in the male and to the uterine ligaments in the female. 

Thr uj)jKT {K)rli()n of the ducKli-num is Mij)j)lii'<l In- the superior paiu rcaticeKiu<^lenal arterj- from the coeliac axis, while 
the lower j>ortion rec eives its hlixxl from the inferior panereatii (xliKHlrnal aner}' from the superior mesenteric. 

The anerie> for the nieseiuerial imesiim- all come from the Nuj)rrior mesenteric, ami that vessel also gives off the 
ileocolie artery ^o the ca-cum, the eolica dextra to the a<een<lin^' (olon. and the colica nuHJia to the transverse colon. The 
deseendinj^ and sigmoid colon-, a< well a< the upper ])ortion t>f th<' rrc turn, are >up|>lied from the inferior mesenteric artcrv 
by the colica sinistra and superior hemorrhoidal l>ran(he-; th»> middle j>ortion of the rectum is nourished by the middle 
hemorrhoidal branc h of tin internal iliai ; while the anal portion rei eive> the inferior hemorrhoidal branch of the internal 
pudic. 

The veins of the entire intestinal tr.ict form two main trunks whii h unite and constitute the fwrtal vein (see paee 
62). The very abundant int(>^tinal lymj»hati( vessels pa-- to numenni- lymj»hatic ^land> situateil in the mesentery, and 
from these the lymj)h passes through the intestinal lym{.hatic trunk to the ci-terna ( hyli and thoracic duct (for further 
detail see the section upon Ani^iolo^y\ 

The nerves of the intestine come from tlie j)neumoRastri( and the sympathetic. e<pe( ially from the large sympathetic 
ca'liac ganj;lion; they form a small submucous plexus (plexus oj .\fei\sner) in the <ubmut()-a and a larger myenteric plexus 
{plexus 0} A uerhnch) between the two mu-c ular layer- of the intestine. ( For further details see the Solx)tta-Huber "Atlas 
and K{)it()me of Xonnal Hi«>toloi;y.") 

For details concerning the develoj)ment of the digt^tive tra(t the reader i< referred to the special text-books upon 
embr>-ology. but the main feature- of the develoj)menl are a- follow-. In the fourth week of embryonic life the intestine is 
an almost straight tuU- which lies in the middle of the embr)'onic Ixxly cavity, the ccelom. and a shorter canal, the omphalo- 

* In the em[)ty state transitory transverse and longitudinal folds arc also present in the rectum. 
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mesenteric duct, connects the gut with the umbilical vesicle, formed from the yolk-sac. In the sixth week the intestinal 
tube has become sufficiently differentiated to allow the first indications of the main divisions of the intestine to be recog- 
nized (Fig. 399). The stomach appears as a dilatation of the upper portion of the gut ; its lesser curvature, however, beings 
directed forward (and to the right), the greater one backward (and to the left), and the fundus upward and backward. 
The pyloric portion, situated in the median line, turns backward and to the right to become continuous with what will later 
be the duodenum and which already possesses its definitive form, although its convexity is directed anteriorly and to the 
right. In the median line it makes a sharp turn, the duodenojejunal flexure, and passes into the so-called primitive or 
umbilical intestinal loop. This consists of two straight almost parallel limbs which lie freely in the abdominal cavity and 
almost in the sagittal plane, the bend of the loop being situated in a funnel-shaped protrusion of the abdominal cavity 
which extends into the base of the umbilical cord. The upper limb proceeding from the duodenojejunal flexure lies to 
the right of the lower one and represents the main portion of the small intestine, from the end of which (* f., from the 
bend of the loop) the omphalomesenteric duct has become const rictcfl. Occasionally, however, a portion of this duct 
persists as a blind appendage of the lower end of the ilium, 5 to 10 cm. in length, and is known as the diverticulum ilei 
(Meckel's diverticulum). 

The lower limb of the umbilical loop at its commencement (near the bend) presents a small lateral dilatation which 
subsequently becomes the caecum, while the remainder of the lower limb forms the chief portion of the large intestine. 
Upon reaching the posterior abdominal wall the lower limb makes a rather sharp bend corresponding to the splenic flexure 
of the colon and passes into the tolerably straight terminal j)ortion of the gut which is situated in front of the vertebral col- 
umn and the sacrum. The upper limb of the primitive intestinal loop and the immediately adjacent portion of the lower, 
consequently forms the entire small intestine, while the greater part of the lower (recurrent) limb becomes the caecum and 
the ascending and transverse colons. That portion of the embryonic gut below the umbilical loop and in contact with the 
abdominal wall is subsequently differentiated into the descending colon, the sigmoid colon, and the rectum. 

In the further development of the intestinal canal the stomach is rotated in such a manner that the greater curvature, 
originally directed backward, is displaced toward the left, and as a result the gastric walls which were left and right now 
become anterior and posterior. The primitive intestinal loop soon undergoes further development, which practically con- 
sists of an inequality of growth of the two limbs. The upper limb (small intestine) grows rapidly and is soon thrown into- 
convolutions which continually become more complex, while the lower limb (large intestine) at first remains unchanged 
(Fig. 400). It is not until the small intestine has become markedly convoluted and completely withdrawn from the um- 
bilical region that the large intestine gradually changes its position in such a manner that in the third embryonic month the 
oecum is near the middle of the abdomen and finally is displaced upward almost to the greater curvature of the stomach. 
At this time the coils of small intestine are always to the right and the large intestine to the left of the middle line. In the 
fourth embryonic month the caecum passes to the right along the greater curvature of the stomach and the under surface 
of the liver and simultaneously downward, at first in front of the duodenum and then in front of the right kidney (Fig. 401). 
That portion of the large intestine which is formed from the umbilical loop is consequently gradually displaced to the right 
over the small intestine, so that the latter takes up a fx)sition between the two main segments of the large bowel. The 
hepatic flexure of the colon Is former] at this time and indicates the differentiation of the ascending from the transverse 
colon, and the terminal iH)rtion of the large intestine is gradually displaced more and more to the left by the increasing 
length and convolution of the small intestine, and by the rapid longitudinal growth of one portion of it a loop is formed 
which later becomes the sigmoid colon. 

THE LIVER (HEPAR). 

The liver (Figs. 387 to 391, 407, 416, 417, and 455) is the largest gland of the human body. 
It has the shape of a flattened ellipsoid, passes almost transversely across the upper portion of 
the abdominal cavity, and is composed of two lobes, a much larger right lobe and a smaller left 
one. It is soft in consistence and has a peculiar brownish -red color. 

It has a markedly convex superior surface (Figs. 387 and 388), which is also directed some- 
what anteriorly, and a similarly convex posterior surface. The greater ])orlion of the inferior 
surface, on the contrary', is concave and of irregular shape. The superior and inferior surfaces 
unite in a sharp anterior border which is rounded ofT toward the right end of the liver, while the 
posterior and inferior .surfaces pass into each other without demarcation. 

The lower surface (Figs. 389 and 391) possesses a characteristic form on account of the soft- 
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Fig. 387. — The liver with a portion of the diaphragm seen from in front. 
Fig. 388. — The liver seen from above. 



ness of the hepatic tissue being influenced by the neighboring organs. It contains the porta 
hepatis {portal fissure) (Fig. 390), a transverse, rather deep and broad fissure which is situated 
almost in the middle, /. e., almost equidistant from the anterior and posterior mar^ns (but some- 
what nearer the latter), and about midway between the left and right ends of the liver (but nearer 
the former) (Fig. 389). It gives entrance to the hepatic artery (ramus hepaticus proprius), 
the much larger portal vein, which has usually already divided into its two chief branches, 
the right and left branches, and the hepatic ner\-es accompanying the artery. It gives exit to the 
hepatic duct (usually in two main comix)nents*), which unites with the cystk duct just below 
the porta hepatis to form the ductus choledochus (communis), and it also gives passage to a number 
of lymphatic vessels which run to the hepatic glands (five or six) situated in the immediate vicinity. 
The vessels at the porta hepatis are so situated that the ductus choledochus is anteriorly and to 
the right, the hepatic artery anteriorly and to the left, and the px)rtal vein posteriorly and between 
the two. 

The vessels reach the porta hepatis by the hepatoduodenal ligamefit, and in the porta itself 
are surrounded by a layer of connective tissue which accompanies them and their ramifications 
for a certain distance, and also forms a thin layer upon the surface of the liver known as the 
fibrous capsule oj the liver {capsule of Glisson). 

In addition to the transverse porta hepatis, the inferior surface of the liver also presents 
two approximately parallel longitudinal fissures which pass in a sagittal direction and form an 
H-sha])cd figure with the j.)orta hepatis, although they are much shallower than the latter. Thcv 

m 

are known as the ri^i^ht and Irjt sat^illal fissures ( Fig. 3()i). The first is crossed at about its middJf 
by the caudate process^ so that it consists of two se])arate(l halves, an anterior, the fissure jar the 
i^all-blaildrr, and a ])Osterior, the fissure jnr the vena cava. The left sagittal fissure is also dif- 
ferentiated into two ])ortions, wliich are, however, directly continuous with each other at the Ich 
margin of the porta ht'])atis; the anterior is the umhiliral fissure and the j)Osterior the fissure jor 
the ductus veuosus. 

The lissure for the gall-hhidder contains tlie i^all -bladder [vesica jellea) and is correspondingly 
broad and shallow; the fissure for the \ena cava transmits the inferior vena cava, which is firmlv 
adherent to the hej)atic tissue and i-^ not infre()uently bridged over by a layer of connective 
tissue, the lii^ament oj the voia ciiva i Fig. ^^()). The vena cava during its ])assage through the 
liver receives the elTerent hepatic vessels, consisting of a serii'S of lesser and two greater hepatic 
veins, near the superi(.)r margin of the ]K)>teric>r surface of the liver. 

The umbilical fissure c()ntain> the ()l)literaied uni])ilical vein, whit'h forms the round ligament 
(lii^amentuw teres) of the li\er, and extendi to the anUrior he])alic margin, where it forms a notch. 
the umbilical notch. The fissure for the (lu(tu> \eno>iw contains the obliterated ductus venosus 
(ductus Arantii\ which is conne( ted with the ligamentiiin teres by mean> of the left branch of 
the ]>ortal vein (see ])age O2). 

* 'Ihi- <hn I iHu.illv ri( ri\r- -iwr.il >m.ill a«l<litional branches. 
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The left lobe of the liver is situated to the left of the left sagittal fissure. It includes only 
about one-fourth of the total mass of the liver, and is distinctly concave upx)n its inferior surface. 
Since this concavity is produced by the stomach, which is normally situated below the left lobe 
of the liver, it is called the gastric impression, and an oesophageal impression is also made upon 
the left lobe by the oesophagus as it passes into the cardia. Below and to the right, the lower 
surface of the left lobe exhibits a convexity, the tuber omentale,* which corresponds to the concave 
lesser cur\'ature of the stomach. In the adult liver the tip of the left lobe gradually tapers out 
into a fibrous process, the fibrous appendix. 

The right lobe of the liver includes all of the tissue to the right of the left sagittal fissure. 
Upx)n the inferior surface, however, the right lobe in a restricted sense is to the right of the right 
sagittal fissure, the portions of hepatic tissue between the two fissures and separated by the porta 
hepatis being known as the quadrate lobe and the caudate {Spigelian) lobe (Figs. 389 and 391). 
The former is in front of the porta hepatis toward the anterior border of the liver and is a slightly 
elevated rectangular area; the latter hes behind the porta hepatis, and is smaller but more 
prominent than the quadrate lobe, being demarcated from the surrounding hepatic tissue by deep 
fissures. The right and caudate lobes are connected by a rather narrow caudate process, which 
divides the right sagittal fissure into halves, and the rounded left lower angle of the caudate lobe, 
which is opposite the caudate procc^ss, is called the papillary process. The caudate lobe is 
situated behind the pars flaccida of the lesser omentum (see page 75) in the vestibule of the bursa 
omentalis (see page 83), which it completely fills. 

The inferior surface of the right lobe, in the restricted sense, presents a number of markings 
produced by the neighboring viscera (Figs. 389 and 391). The most pronounced is the renal 
impression resulting from the right kidney and situated beside the caudate lobe; in front of this 
is the less distinct duodenal impression; to the right and separated by a flattened ridge is the 
colic impression, produced by the hepatic flexure of the colon; and the right suprarenal body 
usually produces an inconstant concave depression immediately beside the fissure for the vena 
cava. These impressions, due to the marked ]Jasticity of the liver parenchyma, are ver}' transi- 
tory in character and are visible in the liver removed from the cadaver only when it has been 
previously hardened. 

Upon the upper surface of the liver the boundar}- between the right and the left lobes is 
indicated by the jalcijorm (suspensory) ligament, which, i)assing downward from the liver surface, 
envelops the round ligament like a mesentery. Upon this surface the right lobe seems to be a 
homogeneous structure and there are no formations corres])onding to the caudate or quadrate 
lobes. At the anterior border of tlie liver the previously mentioned umbilical notch forms the 
division between the two main lobes. 

The posterior surjacr of the liver, witliin the lx)undaries of the right lobe, exhibits a broad 
area uncovered! by peritoneum, but u|>on tlie left lobe this uncovercnJ area is limited to the narrow 
space between the attachment of the two layers of the coronary ligament (see page 74, Fig. 
388). The remaining {X)rtion of tlie liver, excei)t the porta hepatis, is comi)letely invested by 
peritoneum. 

The liver substance consists of lobules which are visible microscopically, but are indistinctly 

* S<> called Ix'Cause the lesser omentum (sec pam* 75) is situated in front of it. 
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Fit:. jSg.— The liver seen from below. 

Fig. 390. — The p<irta hepatis with the vessels ami lymphalic glands. 
The vena cava U divided lenglhwise. 



separated from each other; they arc polygonal in form and about the size of a barley-corn. \ 
center of the lobule is usually brownish-red, while the periphery is frequently of a yellowish t 
The liver substance is very soft and brittle. 

The liver is situated in the right hypochondriac, epigastric, and left hypochondriac I 
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and fills the right cupola of the diaphragm and a portion of the left one; in the middle li 
relation with the central tendon and its posterior surface is in contact with the crura of t 
phragm. It is also in relation with the viscera, which make impressions upon its lower s 
namely, the stomach, the superior and descending portions of the duodenum, the gall-b 
the right kidney and suprarenal body, the hepatic flexure of the colon, and the inferior Veika j 

•The prriphery ol ihc lobule is ot a dLMinel yellow, parliculiirly h Ihf wi-tallcd (nliyjivi 
bMy infiltratloii aw yerj trequent In ihe Kver, the color b quite freqneiitljr noticekfale in the odaver. 
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The following points indicate the relation of the liver to the skeleton. The posterior surface 
is opposite the ninth and tenth thoracic vertebrae. During inspiration the highest point of the 
liver is upon the right side in the fourth intercostal space, and its lower border follows the costal 
arch as far as the median hnc, where it is usually about three finger-breadths below the tip of the 
xiphoid process of the sternum. The entire right half of the liver is considerably lower than the 
left, and while the left lobe is completely concealed behind the left costal cartilages, the right one 
extends below the inferior margins of the seventh to the tenth ribs, and in this situation is immedi- 
ately behind the muscular portion of the anterior abdominal wall. 

The average length (transverse diameter) of the liver is 30 to 36 cm., its height is 20 to 22 
cm., and its greatest thickness is 7 or 8 cm. 

The left lobe is very variable in length and not infrequently extends to the spleen. In this 
situation the liver parenchyma terminates quite gradually in the fibrous appendix, in which are 
found vasa aberrantia of the liver, blind bile-ducts and their ramifications, structures which also 
occur in other portions of the surface of the liver, particularly in the fibrous capsule beneath the 
peritoneal coat and in the ligament of the vena cava. The fibrous appendix probably results 
from a marked atrophy of the tip of the left lobe produced in the fetus by the pressure 
of the growing stomach. This would also explain the varying length of this lobe in different 
individuals. 

The gall-bladder or vesica jellea (Figs. 389, 391, 393, 394, 405, and 406) serves as a reservoir 
for the bile secreted by the liver, and is situated in the fissure for the gall-bladder upon the inferior 
surface of the viscus. It is a pear-shaped sac, usually distended with bile, and consequently 
of a brownish-green or green color. It presents a rounded fundus, which in the distended con- 
dition projects beyond the anterior hepatic margin, and a constricted neck, which gradually 
passes into the cystic duct. Between the two is the body of the gall-bladder. The relations 
of the gall-bladder are dependent upon those of the liver. The fundus is placed below the right 
ninth or tenth costal cartilage and the neck and cystic duct are directed toward the right. The 
upper non-peritoneal surface of the gall-bladder is connected with the liver substance by fibrous 
tissue; the lower surface is invested with peritoneum. 

The wall of the gall-bladder is of moderate thickness and contains a weak muscular coat. 
In the distended state the mucous membrane is elevated in narrow rugtC, which undergo mani- 
fold decussations and give the inner surface of the gall-bladder a jK'culiar reticulated appearance 

(Fig- 395)- 

The cystic duct is the immediate continuation of the neck of the gall-bladder, and is a short 

irregularly cylindrical structure which turns sharply to the left near the porta hepatis and unites 

with the hepatic duct to form the ductus choledochus. Its caliber is smaller than that of the 

hepatic duct, and its mucous membrane is arran<^ed in folds which ])ursue a slightly spiral 

course and constitute the spiral valve (valve oj ffristrr) (Fig. 395). Corresix)n(Iin^ to these folds 

the outer surface of the duct usually presents distinct constrictions. 

The ductus (communis) choledochus arises immediately in front of (below) the porta hepatis 

by the junction of the hepatic and cystic ducts and runs in the he])atoduodenal ligament to the 

right side of and anterior to the ])ortal vein (see ])age 58); it passes behind the superior |X)rtion 

of the duodenum to the |X)sterior and inner wall of the descending portion, where it forms the 
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Fig. 392. — Pancreas and duodenum seen from in front. 

The pancreatic ducts have been exposed by dissection of the pxancreas in front; the duodenum has been divided longi- 
tudinally. 



longitudinal fold (see page 50) and empties into the duodenum in common with the main duct 
of the pancreas. 

The blood-vessels of the liver hold a peculiar relation to the viscus and one that is not encountered in any other jwr- 
tion of the human body. The organ possesses two afferent vessels, the larger of which is the portal vein. This arises be- 
hind the head of the pancreas by the union of the superior mesenteric and splenic veins, and transmits to the liver the 
venous blood from the intestines, the stomach, the pancreas, and the spleen. The other vessel b the hepatic artery, which 
comes off from the coeliac artery and ramifies chiefly in the wall of the gall-bladder (the cystic branch), about the bile-ducts, 
and in the fibrous capsule of Glisson, its capillaries forming venules which empty into the intrahepatic branches of the por- 
tal vein. The hepatic veins are the efferent vessels of the liver, and their contained blood has consequently passed through 
two sets of capillaries, i. e., first through those of the digestive tract and then through those of the liver. The lymphatics 
of the liver run to the hepatic lymphatic glands at the porta hepatis, from these to the coeliac lymphatic glands, and thence 
to the truncus intestinalis or directly into the cistema chyli. The nerves of the liver enter the viscus with the hepatic artcr)* 
as the hepatic plexus, and are furnished by the sympathetic and the pncumogastric. 

The liver is developed as a protrusion of the embryonic intestinal wall at the site of the subsequent duodenum. This 
protrusion appears in about the third week of development and is double, the two halves subsequently fusing to form a 
single organ and a single duct (the hepatic or common duct). The gall-bladder arises as a lateral protrusion of the hepatic 
duct. In the fetus and even in the new-bom the liver is enormous, being relatively much larger than in the adult. 

The circulation in the liver has intimate relations to the circulation in the fetus (see page 169). The round ligament 
of the livtT is the remains of the obliterated umbilical vein, i. e.j of the single vein which passes through the umbilical cord 
from the placenta and transmits blood laden with nutritive material from the placenta to the fetus. The umbilical vein 
empties partly into the right branch of the small portal vein of the fetus and partly directly into the vena cava through the 
ductus vcnosus (ductus Arantii). When the placental circulation is interrupted by birth, both the umbilical vein and the 
ductus vcno'^us become obliterated, and the digestive activity of the intt^tine causes the portal vein to dilate and assume its 
role as the cliicf afTercnt hepatic vessel. The umbilical vein is transformed into the round ligament and the ductus vcnosu> 
into the ligament of the ductus vcnosus. 

THE PANCREAS. 

The pancreas (Figs. 3()2 to 394 and 431) is a Hat, elon.i^atud, lobulated gland, resembling in 
general apf)earance and structure the oral salivary glands, and is placed transversely in front of 
the upper j)ortion of the lumbar verte])ral column upon the ])osterior alxlominal wall. It is 
usually of a grayish-white color in the cadaver and is of rallier soft consistence. Three portions, 
which are not sharplv demarcated, mav ])e recoij^nized, namelv, tlie head, the Ixxlv, and the tail. 
The head of the j)ancreas h'es in the liorseshoe coil of the duc^lenum, and is the broadest f)orlion 
of the gland. It almost completely fills the sj)at"e within the duodenal coil and a special hook- 
like process, uncinate process (pancreas Witis/aijii), curved toward the left and ].>osteriorly, almost 
surrounds the superior mesenteric ves>els (or the j)ortal vein), which are situated in a trough- 
like depression, the pancreatic notch, uj)on the posterior surface of the gland. 

The body is smaller than the head, and the /<///, which is not ckarlv marked ofT from the bodv. 
is the pointed left end of the organ and extends to the hilu> of the spleen. Three pancreatic 
surfaces may be recognized, the injtrior one being sharply defined only in the body of the viscus, 
and not in all cases even in that situation. The two ( hiuf surfaces, the anterior and the posterior, 
are broad, while the inconstant inferior one is very narrow. The intervening and markedly 
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rounded margins are designated as su])erior, anterior, and ])Osterior. The anterior and inferior 
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surfaces are invested by peritoneum from the bursa omentalis; the posterior surface is uncovered 
by peritoneum and is in contact with the posterior abdominal wall throughout its entire length. 
At the head of the pancreas, the lower portion of the anterior surface and the uncinate process 
are also without a peritoneal covering (or without an independent investment) (see page 77). 

The anterior surface is curved in the first portion of the body, being markedly convex in 
the transverse direction, in correspondence with the projection of the vertebral colunm and the 
aorta, and the left portion of the organ is distinctly concave as a result of its adaptation to the 
convex posterior portion of the stomach. In the sagittal direction the same surface is also slightly 
concave for the same reason, and consequently approaches, although it does not quite attain, a 
saddle-shaped form. The lower surface and the anterior margin also exhibit a corresponding 
S-shaped curve. The most marked projection at the left margin of the convexity of the anterior 
surface corresponds approximately to the concave lesser curvature of the stomach and is called 
the tuber omenlale (Fig. 394). The splenic vessels pursue a slightly tortuous course along the 
superior margin of the gland and frequently produce a groove upon it in this situation. 

The pancreas is situatal in the epigastric region and the tail extends into the left hypochon- 
driac region. It lies in front of the first and second lumbar vertebra?, and the head is to the right 
of the median line and about two-thirds of the body are to the left. 

Its long axis is practically transverse, although its left end is directed slightly upward, and 
it is in relation with the following viscera (Fig. 413): the duodenum* (head of the pancreas), 
the posterior surface of the stomach (from which it is separated by the bursa omentalis), the spleen 
(tip of the tail of the pancreas), the left kidney (tail of the pancreas), the gastrocolic ligament or 
the transverse colon itself (inferior surface of pancreas), the abdominal aorta,t the inferior vena 
cava (which lies between the pancreas and the vertebral colunm), and the portal vein (which 
arises behind the head of the pancreas). The splenic vessels run along the upper margin of the 
body and tail of the pancreas, and the pancreatic notch transmits the superior mesenteric vessels, 
the upward prolongation of the notch lodging the portal vein. Since the pancreas is covered by 
the peritoneum of the bursa omentalis it becomes visible only after the removal or displacement 
of the stomach, although the tuber omentale may occasionally be seen through the lesser omentum. 
The organ is from 9 to 12 cm. long; its greatest l^readth is 5 cm. and its thickness is about i cm., 
although in certain situations it is considerably thinner. The pancreatic duct (duct 0} Wirsung) 
(Fig. 392) traverses the entire length of the organ from the head to the tail, gradually becoming 
larger as it receives the numerous branches which oj)en into it at an acute angle. J It is placed 
nearer to the anterior than to the j)Osterior surface. The head of the pancreas almost always 
contains a second duct, the accessory pancreatic duct (duct oj Santorini), the relations of which 
are ver\' variable. It usually o])ens by a separate orifice into the descending j)ortion of the 
duodenum (see page 50), but is always connected with the main duct by a transverse branch. 
More rarely it empties directly into the main duct or it may be entirely absent. It is always 

* The Iwrrlers of the suixrior and dc-.d-ndin^ jK)rti()ns of the ducxlrnum overlap the pancreas, while the up[)er borrlcr 
of the inferior portion is frequently conrealetl by the uncinate proce-^s. 

t The portion of the alxlominal aorta iK'hind the pancreas i.> that whith is situaterl l>et\veen the origin «>f the crpliac 
arten' and that of the suiK'rior mesenteric arter\'. 

^ I » 

J The ramifications of the {wncrcatic duct resemble the shape cjf a. pojjlar tree. 



^^ 




*■ 393 ■"*'' 394- — The dxiocienutn, pnnereaj, spleen, kidncv, suprarenol gbmls, gall'MaiJiitr {wiih a ; 
Uvcr), Boria and vena cava m their relative pisiliona. 
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situated in the upper portion of the head of the pancreas and its presence is explained by the 
development of the organ. 

The arteries of the head of the pancreas come from the supyerior and inferior pancreatico-duodenal branches of the 
hepatic and superior mesenteric arteries respectively; those for the body and tail arc the pancreatic branches of the splenic 
artery. The return blood passes into the portal through the splenic and suf)crior mesenteric veins. The lymphatic vessels 
go to the cceliac glands and the cistema chyli, and the nerves come from the cceliac ganglion of the sympathetic and also 
from the pneumogastric. 

The pancreas is formed at about the same time as the liver and arises in a similar manner from that portion of the 
primitive intestinal tube which subsequently becomes the duodenum. It is first indicated by a double or really threefold 
protrusion, a single dorsal and a paired ventral one which is intimately connected with the hepatic diverticulum. The dor- 
sal protrusion forms the greater portion of the pancreas, the ventral a much smaller part, although both fuse so completely 
that the duct of the smaller ventral components becomes the greater pancreatic duct and receives the secretion from the 
originally larger dorsal pancreas, while the secretory duct of the latter, the accessory pancreatic duct, remains small or even 
completely disappears (see page 63). 

THE SPLEEN (LIEN). 

The spleen (Figs. 393, 394, 396 to 398, 405, 406, 413, and 416) is topographically and also 
physiologically related to the digestive tract, although in other respects it must be classified as a 
part of the vascular system. It is a vascular gland whose structure is related to that of a 
l5miphatic node. 

In form it is a somewhat flattened organ, shaped like a halved ellipsoid, and possesses a 
convex and a subdivided concave surface. The convex surface is directed outward, upward, 
and backwaixl, and as it fills the postero-inferior portion of the left cupola of the diaphragm 
it is termed the diaphragmatic surface. The other surface is directed inward, and its anterior 
and inferior portion is concave until it encounters a longitudinal slightly elevated ridge, the 
hiluSy which presents depressions for the entrance of vessels, and also receives the insertion of 
the gastrosplenic Hgament (see page 76). The elevation of the hilus disappears toward the 
superior and inferior margins of the organ, and the adjacent concavities being made by the 
contiguous viscera, are, like those of the liver, distinct only when the organ is in situ. Owing 
to the marked softness of the splenic tissue they soon disappear upon the removal of the viscus. 

The hilus divides the inner surface of the spleen into an antero-superior portion and a postero- 
inferior portion (Figs. 397 and 398), the former being designated as the gastric and the latter as 
the renal surface. The gastric surface is in contact with the fundus of the stomach. The renal 
surface is subdivided into two slightly defined concave impressions, a larger and markedly concave 
upper one for the upper pole of the left kidney, and a smaller and flatter lower one for the tip of 
the tail of the pancreas and the splenic flexure of the colon. There may also be recognized a 
superior extremity of the spleen, turned upward and inward, and an inferior extremity which is 
directed downward and outward. The rounded posterior border is usually smooth, while the 
anterior one is almost always sharper and notched (Figs. 396 and 397). 

The spleen is the reddest of all the abdominal viscera, its red color, however, always presenting 
a slightly bluish tinge. Its surface is smooth and, with the exception of the narrow hilus, com- 
pletely invested by peritoneum. Sn«all (lei)ressions or foldings of the surface are occasionally 
observed. The splenic tissue is exceedingly soft and brittle, and is held together by a firm capsule, 
the tunica albuginca, from which splenic trabecule proceed through the substance of the organ, 
the larger ones and their chief ramifications being visible to the naked eye in a cross-section. 
"-5 
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Fig. 395. — The gall-bladder and cystic duct, split open lengthwise. 
Fic. 3q6. — The spleen from the diaphragmatic surface. 
Fig, 397. — The spleen, seen from the hilus surface. 



Such a section also reveals lymphatic nodules in the spleen, small grayish-red spherical or elliptical 

areas within the dark bluish-red splenic pulp. 

The spleen is loosely attached to the stomach by the gastrosplcnic ligament, and to the 
diaphragm by the phrenicocolic ligament (see page 76). 
It is in contact with the following structures: the stomach 
(gastric surface), the diaphragm (diaphragmatic surface), 
the upper pole of the left kidney and the suprarenal body 
(renal surface), the tail of the pancreas and the splenic 
flexure of the colon. It is situated in the left hypochon- 
driac region and is entirely concealed behind the costal car- 
tilages and the lower ribs. Its longitudinal axis passes 
obliquely from behind forward and from above downward, 
and is approximately parallel to the course of the lower 
ribs, usually to that of the tenth, and its transverse axis runs 
between the ninth and the eleventh ribs. The upper end 
of the posterior margin corresponds almost to the angle of 
the ninth rib; the lower end of the anterior maigin, which 
lies upon the fundus of the stomach and is the most ante- 
rior jHJrtion of the viscus, extends only a trifle in front of 
the iHDStcrior axill;iry line. 
The spleen is 12 or i^ cm. long (in its ;;reali'st dimension), 7 or 8 cm. wide, and 3 cm. 

thick, becoming considerably thinnvr toward its Imrdcrs. 



FIG. 398. 




llicspU'riic aniTvarisc's from llic caliac aiUryanil diviilcii in frnnlof the hilm into numerous branchc-;, some of 
which pass Ui Ihe Muma.li (s«- pa[;i' 47)- Tlu-=].limc vein hi-l.l^ .1 nhilion to the hilus of the sph-cn similar to thai of 
the arlPry, ami is one of thclMo tiKrts of the [>iirl,il win (we ]i,iKi- 6;1, The nrrve? of Ihcsplec'n are chiefly sympathnic. 

The origin of ihe human s]ili>i'n is as jit not ilefiniti'ly known. From in vest ig.it ions on llic lower vertebrates, how. 
ever, it is ck'ar that it iloi's not arNe from I hi' inili»KTm, liki- thi' inlc-tinc, liver, anil ]iancreas, but from the meso- 
derm [makinR its first appearanre as a li«ali/iil thickinini; of ihfU-ft Liyrrof the inrs<)g,istrium. — Ed.]. 

Accessory s[)lerns are riithrT fri'i|Ucn[. Tlu-ir si/e varii-*, usually K-ini; llial of a h^izclnut, and while ihej- arc mttl 
frequently siluale<l in ih.' imnKiliale viciiiiiy iif ttu- spleen, i ~|.iii;il]y in llie c-islro-^plenic IJEanK-nt, they are sometimes also 
found in the great omentum nenrlhc iiancrras anil e\Tn in the ti- it of the mi-. iinr>'- <'f rarrr occurrence is the suttdi- 
vision of the spleen into numerous small ixil.ii.il mtissi's, eiieli of which surrounds a branch of the splenic anciy; deep 
grooves indicating such a sulidivlNldn are soniewh:il mure eoiunioii. 

THE PERITONEUH. 
The ptriloneum is one of the serous membranes (sec page 19) and fnrms the largest serous 
sac in the human body. This serous sac is situated in the abdominal cavity and partly also in 
the pelvic cavity. 
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Fig. 399. First stage of the development of the inleatiiiiil canal and the peritoneum, seen 
for the side (diagrammatic). From colon I the ascending and transverse 
colon will be formed and from colon 2 the descending and sigmoid colons 
and the rectum. 
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The abdominal cavity is a large elongated space situated in the lower portion of the trunk, and is separated from the 
thoracic cavity by the diaphragm. It is bounded throughout the greater portion of its extent by the abdominal muscles. 
The roof of the abdominal cavity is formed by the diaphragm (see Vol. I, page 164) and its configuration accurately corre- 
sponds to that of the inferior surface of this muscle; only the posterior wall having a partly bony boundary, the lumbar ver- 
tebral column. The remainder of this wall is formed by muscles (the crura of the diaphragm, the psoas, the quadratus 
lumborum, and behind these the muscles of the back), the roof is formed by and accurately conforms to the inferior surface 
of the diaphragm ; the lateral walls are formed by the flat abdominal muscles, and these together with the recti abo consti- 
tute the anterior wall. The floor of the cavity is partly forme<l by the ala? of the iliac bones together with the iliac mus- 
cles; these also belong to the posterior and lateral boundaries. The abdominal cavity communicates directly with the 
pelvic cavity by means of the superior aperture of the pelvis, this latter cavity being bounded by the lx)nes and ligaments 
of the true pelvis (see Vol. I, page 128) and by the muscles which arise from their internal surfaces (the obturator intemus 
and the piriformis), while its floor is formed by the muscles and fascial of the pelvic outlet (see page 156, et seq.), 

THE DEVELOPMENT OF THE PERTTONEUM. 

In the adult the peritoneum has a complicated arrangement which can be explained only 
by a reference to the development of the membrane in the embr}'o. For this reason a very brief 
sketch of its development, which is intimately connected with that of the intestinal canal (see page 
56), will be given. 

When the intestinal canal is still a straight tube and the future stomach is indicated simply 
by a fusiform dilatation the common mesentery of the entire gut passes from the posterior abdom- 
inal wall and the aorta to the primitive gut as a narrow lamina which is situated approximately 
in the sagittal plane. That portion of the mesentery w^hich is in connection with the future 
stomach is designated the mesogasirium; it passes from the aorta to what will later be the greater 
curvature of the stomach, and from the lesser curvature to the anterior abdominal wall, extending 
upward to the diaphragm and downward to the umbilical vein. 

The same arrangement of the mesenter}- obtains at the time of development of the primitive 
umbilical loop (see page 57, Fig. 399). The outgrowth for the liver grows into the ventral 
mesogastrium, that ix)rtion of the mesogastrium which extends between the stomach and the 
anterior abdominal wall, while the outgrowths for the pancreas extend into the dorsal meso- 
gastrium, in which the spleen also develops. This mesenterial area is supplied by the cccliac 
arter\'. The larger mesenteric area pro(hiced by the development of the umbilical loop is nour- 
ished by the superior mesenteric artery, while the lower portion, the almost unaltered mesen- 
tery of the terminal i)orti()n of the intestinal tube, derives its blood-supply from the inferior 
mesenteric arten'. 

As a result of the previously described rotation of the stomach, the posterior mesogastrium 
attached to the greater curvature is markedly increased in length, and the side ])reviously directed 
toward the left now takes up its ]>osition in front of the ])Osterior alxlominal wall, while that 
originally directed toward the right now looks toward the {K)sterior surface of the stomach (Fig. 
400), so that the mesoga.striuni is now in the frontal instead of in the sagittal plane and encloses 
the pancreas bct>veen its two layers. It has the shape of a curved lamina which forms a pocket, 
closed toward the left and open toward the right, the first indication of the bursa omcntalis {lesser 
sac of the peritoneum). This is soon followed by the first trace of the second imix)rtant struc- 
ture derived from the mesogastrium, the great omentum^ which originates as a diverticulum of 
the dorsal mesogastrium immediately before its attachment to the greater curvature of the 
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stomach, the diverticulum gradually increasing in length and becoming flattened from before 
backward to form the two layers of the great omentum. The liver by its growth gtadualiy 
fills out the space between the two layers of the ventral mesogastrium with the exception of 
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aportiCHi which later becomes the falciform ligament of the liver, and the portion which extends 
between the lesser curvature of the stomach and Ihe liver, forming the Irssrr omentum. At the 
same time the liver gradually takes up its position more upon the right side of the body. 
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Even after the dcvxlopmcnt of the flexures of the colon the lower jwrtion of the common 
mesentery exhibits the satmc relation as before. The mesentery is attached to the entire length 
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of that surface of the gut which was originally directed toward the aorta, but as a result of the 
increasing com olution of the intestine it is no longer a flat plate, but presents manifold cur\-atures, 
and the mescntcrv- of the large intestine overlies that of the small intestine (especially that of 
the duodenum). 

The subsequent changes consist essentially in the formation of adhesions between certain 
visceral portions of the peritoneum and the contiguous parietal layer. By these adhesions the 
affected peritoneal laminfc become obliterated and peritoneal surfaces which were originallv 
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visceral become parit'lal as a result of svcondaiy changis. this jirocess taking place in different 
n'f^ion.s of the embryonic pcriloneum ami producing in some re,t;ions vcrj' extensive changci- 
The jmrlion of ihr pnsierior niesogastriuni which lies jiarallel to the posterior abdominal wall 
becomes adherent l» the subjacent parietal peritoneum and also to the pancreas which is includi-d 
between its two layers; and as a result of this adhesion the surface of that [joriion of the mcsenten- 
wliicli is directed lowanl tite slomach and the ]>eriloneuni inveslin.i; ihe anterior surface of thf 
pancreas, L c, the |M»sterior wall of the subse<|uent bursa omentahs, secondarily bfComt> 
a ]harietal laver. In a similar manner the lower i)Ortion of the mesoijastrium, the meso- 
duodenum, together with the head of the pancreas, becomes adherent to the posterior 
aixlominal walls. 
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The same changes occur throughout a large portion of the colon. The ascending i 
sccnding colons originally possess an independent mesenler>' like the transverse and sigmoi 
colons, but between the fourth and fiflh months of embryonic life first the ascending and i 
thf descending mesocolon becomes adherent to the primary parietal peritoneum in the region a 
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Fig. 404,^ DLagram of IhearrangemcMotlhe peritoneum secQ in initisvcrse stclion pnssing through the I>ur^a mugK 
alU. The pcriloneum is represented in red and thai of the bursa omectalis is also shaded. The portion of ihc parietti Uw 
which has disappeared as the result of pancreas coming into relation with the posterior abdominal vcall te not represented' 



the kidnejs, the result being the fixation of the ascending and descending colons to the posterior 
abdominal wall.* As a result of these adhesions further changes occur. The ascending meso- 
colon, which is con^'erted secondarily into parietal peritoneum, also becomes adherent to the 
anterior surface of the duodenum and thus causes it to lose a considerable portion of its incJc- 
pendent mesentery, and the primary line of attachment of the mesentery to the aorta is thus 

* The lamina mesent«rii propria of the ascending and descending mesocolon is, however, retained. 
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separated into two portions, one for the mesenterial intestine, the root of the mesentery (see 

page 76), and a transverse one for the transverse mesocolon (Fig. 401). 

The posterior layer of the great omentum finally becomes adherent to the upper layer of the 

transverse mesocolon (Fig. 403), so that the latter structure acquires secondary relations with 

the great omentum, and, at the same time, the entire upper surface of the transverse mesocolon 

becomes the posterior (inferior) wall of the bursa omentalis. With the downward growth of the 

great omentum from the greater curvature of the stomach, a process of the bursa omentalis, the 

injerior recess (Fig. 402), extends into the great omentum, so that from this time on both the 

secondary transverse mesocolon and the great omentum consist of four layers, ahhough 

after birth, and to a varying degree, the layers of the great omentum become adherent with 

each other. 

THE PERITONEUM IN ADULT LIFE. 

The adult peritoneum (Figs. 403 to 417) is a closed sac consisting of two layers separated 
by a capillary space. One layer lines the inner surface of the abdominal wall and is known as 
the parietal peritoneum, while the other invests the viscera in the abdominal cavity and is termed 
the visceral peritoneum* The capillary space between the two layers is called the peritoneal 
cavity and contains an exceedingly small quantity of fluid. The visceral layer includes not only 
the serous coverings of the actual viscera (stomach, liver, intestines, pancreas), but also the peri- 
toneum which invests the laminae and ligaments passing from the abdominal wall to the viscera. 
These structures frequently pass transversely across the abdominal cavity; they contain the 
vessels and nerves for the various viscera and are known as the lamince mesenterii propria (Fig. 
322), and together with their peritoneal coverings they are known as mesenteries. As a result 
of its epithelial covering the surface of the peritoneum is smooth and glistening and the surfaces 
of the invested viscera consequently exhibit the same characteristics. 

In the male the peritoneal sac is closed upon all sides; in the female it communicates with 
the genital tract through the abdominal orifice of the Fallopian tube.f The parietal layer of 
the peritoneum is not in immediate contact with the posterior abdominal wall, but is usually 
separated from it by the transversalis fascia (see Vol. I, page 163), and it is generally stronger 
than the visceral layer which is firmly and intimately adherent to the majority of the viscera. 
The serous investment of the viscera is designated as the serous coat, and beneath this there is 
usually a layer of loose connective tissue, known as the subserous coat (see page 20). 

The adult peritoneum pursues the following course (Fig. 403) : The parietal layer passes 
upward upon the posterior surface of the anterior abdominal wall and passes thence directly 
to the under surface of the diaphragm. From there it is reflected to the upper border of the 
posterior surface of the liver and becomes visceral, this reflection, which extends across almost 
the entire breadth of the liver, being called the coronary ligament of the liver. The simplicity 
of this condition is modified by the falciform (suspensory) ligament of the liver (Figs. 387, 388, 
and 416) which is a thin peritoneal duplicature, consisting of two layers, which extends from the 

♦ Many portions of the subsequent parietal peritoneum originally belonged to the visceral layer, as has been shown in 
the preceding outline of the embryology of the i)eritoneum. 

t Thcrp is also an apparent interruption of the connective-tissue layer of the peritoneum at the ovary, but the ger- 
minal epithelium of the ovary b nothing more or less than modified peritoneal epithelium. 
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Fig. 405. — The upper portion of the abdominal cavity with the stomach, liver, spleen, and lesser 

omentum. 

The left lobe of the liver is drawn upward and a sound (*) has been passed into the vestibule of the bursa omentalis. 
The anterior layer of the great omentum, the gastrocolic ligament, has been divided so as to expose the transverse colon. 

Fig. 406. — The epiploic foramen and the bursa omentalis. 

The entire liver has been drawn upward, the hepatoduodenal ligament drawn toward the left and the stomach drawn 
upward, after cutting the gastrocolic ligament immediately below the greater curvature, so as to expose the bursa omentalis 
and the pancreas. A sound has been passed through the epiploic foramen. 

Fig. 407. — View of the abdominal viscera from in front, showing the great omentum. 

Fig. 408. — View of the abdominal viscera from in front, the great omentum having been drawn 

upward. 
The transverse colon has also been drawn somewhat upward with the omentum. 

Fig. 409. — View of the abdominal viscera from in front, the great omentum having been drawn upward 

and the small intestine displaced toward the right. 

A sound has been introduced into the duodeno-jejunal recess. 

Fig. 410. — The large intestine in situ. 

The small intestine from the duodenum to the terminal portion of the ileum has been removed, by cutting its mesen- 
tery close to its insertion into the intestine; the great omentum and transverse colon have been drawn upward. A sound 
has been introduced into the inferior ileocaecal recess. 



posterior surface of the anterior abdominal wall and from the inferior surface of the diaphragm 
to the superior surface of the liver (Fig. 399). It is narrow at the umbilicus and gradually be- 
comes wider as it approaches the liver, where it is attached to the right of the median line, while 
its origin from the anterior abdominal wall is situated almost in the middle line. Inferiorly and 
posteriorly this approximately triangular ligament presents a free border, which passes from the 
umbiUcus to the umbilical notch of the liver, and contains the obliterated umbilical vein, the 
round ligament of the liver. It is a portion of the ventral mcsogastrium. In the anterior por- 
tion of the superior surface of the liver its two layers are in immediate contact, but posteriorly 
they diverge and become continuous with the coronary ligament. 

The coronary ligament (Figs. 387 and 388) is not as broad as the posterior hepatic surface, 
since it does not extend to the tip of the right lobe. It is very short throughout, so that the liver 
is held close against the diaphragm, and consists of two layers which are in contact only in the 
region of the left lobe of the liver, being separated at the middle of the liver and the right lobe by 
that portion of the posterior hepatic surface which is uncovered by peritoneum (see page 59, 
Fig. 388). The somewhat divergent free left and right extremities of the coronary ligament 
are known as the left and right triangular ligaments; the former contains the fibrous appendix 
of the liver (see page 59), and in the latter the previously widely separated layers of the 
coronary ligament become approximated for a short distance. The right extremity of the right 
lobe of the liver is surrounded by the visceral layer of the peritoneum, which in this situation 
has no direct connection with the parietal layer, except through the right triangular ligament. 

The anterior layer of the coronary ligament invests the superior surface of the liver and 
passes over its anterior border to the inferior surface, completely enveloping the right half of the 
right lobe, and the middle portion and left lobe, extending backward to join the posterior layer 
of the ligament. From the region of the porta hcpatis the peritoneum extends to the lesser 
curvature of the stomach and to the upper margin of the superior portion of the duodenum as 
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the anterior layer of the lesser omentum (Fig. 405), an approximately triangular fold of peritoneum 
which originates chiefly from the porta hepatis, but also from the neighboring fissure of the 
ductus venosus and the adjacent ix)rtion of the inferior surface of the left lo^x^ In it there are 
recognizable two portions which are directly continuous with each other: (i) the lie pato gastric 
ligament, which passes from the porta hepatis to the lesser curvature of the stomach and to the 
abdominal portion of the a^sophagus, and (2) the hepatoduodenal ligament (Figs. 405 and 406), 
which forms the right margin of the lesser omentum. The portion of the hepatogastric ligament 
which passes to the cardia and a^sophagus (the dense portion of the lesser omentum) is somewhat 
denser than that passing to the lesser curvature (the flaccid i)ortion), which is so thin and trans- 
parent that the sharp margin of the caudate lobe may be seen through its substance (see page 59, 
Fig. 405). The hepatoduodenal ligament is still more dense and opaque, since it contains the 
vessels passing to and from the porta hepatis (see i)age 58). 

To the right and left of the porta hepatis, however, the relations of the peritoneum vary 
from that which has just been described, in that the peritoneal covering of the left, lobe passes 
over the anterior border of the liver, invests the concave lower surface, and again becomes parietal 
by returning to the diaphragm as the inferior (posterior) layer of the coronar)' ligament, while 
to the right of the porta hepatis the peritoneum invests the lower surface of the liver and then 
passes partly to the diaphragm and partly to the anterior surface of the right kidney, the result 
being that the i)osterior surface of the right lobe remains uncovered by peritoneum (see page 59, 
Fig. 388). 

The peritoneum passing to the stomach and upper portion of the duodenum by way of the 
lesser omentum invests both surfaces of the organs, and consequently runs from the lesser to 
the greater cur\'aturc of the stomach. From the fundus of the stomach it is reflected to the 
hilus of the spleen and to its gastric surfaces as the gastrosplenic ligament (Figs. 394, 404, and 
413), and after investing the entire diaphragmatic surface of the organ and curving around 
its renal surface, it passes to the diaphragm as the lienophrenic ligament. 

From the greater curvature of the stomach the peritoneum hangs down as a long apron-like 
duplicature which conceals the colon and the coils of small intestine and is termed the great or gas- 
trocolic omentum (Figs. 407 to 40(;). The length and development of this structure is subject to 
manifold variations and its lower margin is usually irregularly notched. It consists originally of 
four layers of peritoneum (Fig. 402) which, during the course of development, Ix^come fused into 
two and include a cavity which is j)art of the bursa omentalis (Fig. 403). The layer which comes 
from the anterior surface of the stomach furnishes the most anterior of the four layers of the great 
omentum, turns uix)n itself at the lower margin of this structure, and now Inromts the most 
IX)slerior layer (Fig. 403). This is adherent to llie transverse colon (see page 73), so that the 
peritoneum from the j>osterior surface of the great omentum is reflected uj)on that organ, which 
is placed almost transversely in the middle of the alxlominal cavity and has attached to it a long 
mesenterj' i)nxx'e<ling from the |K)sliri()r abdominal wall, the trans^ccrse mesocolon (Figs. 403, 40(), 
and 410). This separates the upiKT |K)rti()n of the alxlominal cavity containing the stomach, 
the duodenum, the liver, and the spleen from the lower i)ortion, in which are situated the small 
and large intistines, and when fully develojH'<l it consists of four adherent layers (Fig. 403), the 
two lower layers forming the true mesocolon and containing Ix^tween them lamina proprii mesen- 
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terii, while the two upper layers form the floor of the bursa omentalis (see page 73) and belong 
to the great omentum. The transverse mesocolon is not exactly horizontal, but is directed 
from above downward and from behind forward (especially the upper surface). It is longest in 
the median line and becomes considerably shorter as it approaches the flexures, gradually passing 
into the ascending and descending mesocolon (see below). 

To the left of the lesser omentum the posterior layer of the coronary ligament of the liver 
(or of the left triangular ligament) passes, as has already been stated, to the diaphragm, from 
which it is reflected to the spleen as the lienophrcnic ligament. From the left margin of the 
great omentum, which extends from the stomach to the hilus of the spleen, a rather firm and dense 
fold of peritoneum, the phrenicocolic ligame^it (Fig. 405), practically always connects the splenic 
flexure of the colon with the adjacent surface of the abdominal wall (the costal origins of the 
diaphragm), and in the upright position of the body this ligament supports the lower extremity 
of the spleen. 

To the right of the hepatoduodenal ligament the posterior layer of the coronary ligament 
(or of the right triangular ligament, see page 74) passes to the diaphragm, from which it is 
reflected as a parietal layer to the right kidney and suprarenal body, and thence to the region of 
the hepatic flexure of the colon. The relations 6f this portion of the peritoneum are acquired 
secondarily (see page 72). 

From the posterior abdominal wall immediately below the origin of the transverse mesocolon 
the mesentery of the small intestine arises (Figs. 409 and 410). Its origin from the posterior 
parietal peritoneum is called the root oj the mesentery, and consists of a duplicature approximatelv 
as wide as the hand, which arises at the left side of the second lumbar vertebra from the abdominal 
aorta and inferior vena cava and extends downward and to the right to the upper mai^n of the 
right sacroiliac articulation. The root of the mesentery is consequently obliquely placed in front 
of the vertebral cohimn. It is short, but the cdi^e of the mesentery attached to the small intestine 
is as lon<ij as this structure, /. c, about six meters, and the mesentery is consequently folded upon 
itself again and a^^ain, so that it resembles a fan (Fig. 410). Its lamina propria is usually rich 
in fat and contains the ramifications of the superior mesenteric vessels and numerous mesenteric 
lymphatic glands, the root of the mesentery containing the trunks of these vessels and, like them, 
being situated in front of the inferior portion of the duodenum. The mesentery is of almost 
uniform width throughout the greater portion of the small intestine, but it gradually becomes 
shorter toward its upper and lower extremities, that is to say, at the duodenojejunal flexure and 
at the ileocecal junction. 

To either side of the root of the mesentery the structures upon the posterior abdominal wall 
may be seen through the peritoneum which extends to the ascending and descending colons and 
supplies them with a peritoneal envelope, that ])ortion passing to the descending colon being 
called the descending mesocolon (Fig. 409), while that to the right of the root of the mesenter>' 
forms the ascending mesocolon. All portions of the colon originally [)Ossess a mesentery, but all 
of the descending mesocolon and the greater portion of the ascending mesocolon subsequentlv 
become adherent to the parietal })eritoneum (see page 72). The ciucum retains a mesocaecum 
which varies markedly in difi'erent individuals, frequently being quite short, and the appendix 
also usually has a mcsenteriolum (Fig. 415). 
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Behind the ascending mesocolon are situated the lower segment of the descending portion^ 
the inferior flexure, and the commencement of the inferior portion of the duodenum, as well as 
a portion of the head of the pancreas, which receives its peritoneal covering only from the ascend- 
ing mesocolon. Behind the descending mesocolon arc found the lower portion of the right 
kidney, the ascending portion of the duodenum, and the adjacent horizontal portion up to 
the point where it is crossed by the root of the mesentery. Through the ascending and de- 
scending mesocolons may be seen the relief of the psoas muscles and also the bifurcation of the 
abdominal aorta into the common iliac arteries (Fig. 409). 

While the descending colon is firmly attached to the posterior abdominal wall and covered 
by peritoneum only upon its anterior surface, the sigmoid colon holds a relation to the peritoneum 
similar to that of the transverse colon, /. e., it protrudes into the peritoneal sac, possessing a 
slightly folded mesentery, known as the sigmoid mesocolon (Fig. 414), which becomes narrower 
toward its upper and lower extremities. With the sigmoid colon the peritoneum passes over the 
linea terminalis (pectineal line) into the pelvis in front of the promontory and becomes continuous 
with the peritoneal coat of the rectum, forming a short mesorecium for the upper portion of this 
structure. 

To either side of the sigmoid colon the parietal peritoneum leaves the abdominal cavity 
and passes over the lateral and anterior portions of the pelvic inlet into the pelvic cavity, to be 
reflected partly upon the pelvic viscera and partly upon the surface of the pelvic floor. In 
this situation the relations of the peritoneum differ in the two sexes, since the female internal 
genitalia are partly invaginated into the peritoneal sac, while only a small portion of the male 
sexual organs come in immediate contact with it. 

The rectum is invested by peritoneum upon its posterior surface only as far down as the 
level of the second sacral vertebra, since the mesorectum, which is attached to the first sacral 
vertebra, gradually becomes narrower and the peritoneal coat finally ceases. Laterally, and 
particularly anteriorly, the peritoneum extends to a lower level, so that the rectum lies obliquely 
to the line of the peritoneal reflection (Figs. 480, 481). In the male the peritoneum is reflected 
from the anterior surface of the rectum to the posterior surface of the bladder in such a manner 
that it usually invests the upper extremities of the seminal vesicles (Fig. 403), thus forming a 
rather deep recess between the bladder (or the seminal vesicles and ampulla? of the vasa deferentia) 
and the rectum, the rectovesical pouch (Figs. 480 to 483). 

In the female the peritoneum holds the same relation to the rectum as is the case in the 
male. Instead of being reflected from the anterior rectal wall to the bladder, however, it passes 
to the uterus (Fig. 411) and the upper portion of the posterior vaginal vault (see page 149), 
and forms a peritoneal investment for the uterus, tubes, and ovaries, known as the broad 
ligaments. In this manner a deef) pocket is formed between the anterior surface of the rectum 
and the posterior surface of the uterus, the recto-uterine pouch (pouch oj Doug/as) (Figs. 500 to 

503)- 

The brocul ligament 0} the uterus (Fig. 504) is an approximately frontal duplicature of peri- 
toneum which passes from the lateral wall of the true pelvis and the lateral circumference of the 
pelvic inlet to the lateral border of the uterus, embracing within its layers the uterus and its 
adnexa. In the ligaments there may be recognizt^l: (i) the middle portion, which furnishes the 
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peritoneal coat of the uterus, the mesomelrium; (2) the upper portion, which invests the Fal- 
lopian tubes, the mesosalpinx; (3) and the portion passing to the ovarj', the mesovarium. When 
put upon the stretch each broad ligament is approximately pentagonal. Its upper border is the 
longest and contains the Fallopian tube surrounded by the mesosalpinx; it is curved to correspond 
with the course of the Fallopian tube, and the inner uterine border is almost at a right angle. 




The inferior border, where the broad ligament becomes continuous with the parietal peritoneum, 
also malies ap])roximati-ly a right angle with the internal border, and the lower portion of the 
lateral border, in which the peritoneum of the broaii liijamcnt becomes continuous with that of 
the lateral pelvic wall, joins the inferior bonier at an obtuse angle. The upper portion of the 
lateral border is free; it joins both the lowi-r portion of the lateral border and the upper border 
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at an obtuse angle and belongs to the mesosalpinx. It is formed partly by the fimbria ovarica 
and partly by the suspensory ligament of the ovar\\ The upper border of the broad ligament 
is about twice as long at the lower one; its height approximately corresponds to the breadth of 
the inferior border. 

As regards its structure the broad ligament is composed of two layers separated by connective 
tissue and vessels; one is directed anteriorly and externally (according to the position of the 
uterus, see page 149) and one posteriorly and internally. The anterior layer contains the round 
ligament of the uterus; the posterior layer contains the ovarian ligament and gives off the mes- 
ovarium as a secondary fold. That portion of the broad ligament situated above the ovary 
and ovarian ligament is the mesosalpinx, and the ])ortion below these structures is called 
the perimetrium; it contains the vessels passing to the uterus and becomes continuous with 
the parametrium at the lower margin of the broad ligament (see page 150). The mesosalpinx 
contains the epoophoron and the paroophoron (see page 147). 

As a result of the curvature of the Fallopian tube in the upper margin of the broad ligament 
there is formed a narrow cleft-like pocket betwxen the mesosalpinx and the external surface of 
the ovar\', the bursa ovarii. In this pocket is situated the ovar}', which is attached to the broad 
ligament only by the narrow^ mesovarium. Internally toward the uterus the bursa ovarii fre- 
quently becomes continuous with a fold running parallel to the ovarian ligament. 

Since the broad ligaments are much longer than the distance between the lateral margin of 
the uterus and the lateral pelvic wall, they must necessarily pursue a curved course. They are 
consequently convex posteriorly, and their anterior surfaces are also directed externally and their 
posterior surfaces internally. According to the degree of vesical distention and the position of 
the uterus (see page 149) the anterior surface of the broad ligament is directed more downward 
and the posterior surface more upward. At the upper margins of the Fallopian tubes and at 
the fundus of the uterus the peritoneum of the anterior layer of the broad ligament as well as the 
peritoneum of the uterus (see page 149) becomes continuous with that u{X)n the posterior surface 
of thc»se structures. 

In the female pelvis the broad ligament, the uterus and its adncxa form a frontal partition 
between the posterior portion, containing the rectum, and the anterior |)ortion, containing the 
bladder. The peritoneum is reflected from the anterior inferior surface of the body of the uterus 
to the j)osterior surface of the bladder in such a manner as to leave a capillar)- space between the 
two surfaces, the vesico-uterine pouch (Kigs. 411, and 500 to 503). 

The bladder holds approximately the same relation to the peritoneum in both sexes. Only 
its jK)sterior surface and the upper |)ortion of its lateral surfaces are covered by peritoneum (see 
page 122), and at its vertex the peritoneum invests the ligaments, and is reflected to the anterior 
aMominal wall, becoming parietal. 

The iX)sterior surface of the anterior alxlominal wall exhibits certain shallow fossae known 
as the inguinal fossae (Fig. 412), which are more pronounced in the new-bom than in the adult.* 
The middle umbilical ligament passing from the vertex of the bladder to the umbilicus (see page 
121) is invested by the peritoneum to form the median umbilical jold, and the lateral umbilical 

♦ These fossa; aredee|)cr in the new-bom, since the umbiliail ligaments contain unobliteratcd structures (the urachus 
and the hy[)ogastric arteries) and are much more prominent than in the adult. 
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ligaments are similarly res[X)n5ible for the lateral umbilical jolds. To the outer side of each 
lateral umbilical foU there is still another fold, which is but slightly marked, and eraduailv 
disappears as it passes upward. It is produced by the inferior epigastric arter\*, which r-n* 
upwarrl ufX)n the [X)sterior surface of the rectus abdominis. 

The innermost of the fossa-, that situated between the median and lateral umbilical fold?, 
is the deejK-st and is termefJ the supravesical (internal inguinal) fossa. The adjacent fo?5a. 
between the lateral umbilical and the epigastric folds, has no superior boundar}-; it is kno\^-n a.s 
the middle inf^uinal jossa. The third and outermost fossa is the shallowest and the least marked 
of the three, anrl is siluaterJ in the angle formed by the epigastric fold and the posterior surfact- 
of the inguinal fPoupart's; ligament; it is known as the extertial inguinal jossa. It correspond? 
to the location of the internal alxlominal ring, while the external abdominal ring (see VoL I, page 
1 58) is situated opix)site the internal inguinal fossa.* 

The peritr)neum which has just been described forms the so-called greater peritoneal sac, in 
contradistinction to the more deeply placed lesser peritoneal sac or bursa omentalis. This 
latter (Figs. 403, 406, and 413) is essentially an elongated pocket, situated between the posterior 
surface of the stomach and the anterior surface of the pancreas, which communicates with the 
greater peritoneal sac through the epiploic joramen (joramen of Winston^ Fig. 406). This foramen 
is situated at the right margin of the hepatoduodenal ligament (of the lesser omentum), and is 
either eHijnical or circular, alx>ut the size of a half-dollar, and bounded elsewhere by parietal 
peritonium. Two adflitional ligaments may frecj u en tly be recognized in this situation and also 
aid in limiting this foramen: (i) the hepatorenal ligament, passing from the liver to the ri^t 
kidney, and (2) the rarer duodenornial ligament, extending between the right kidney and 
the fUjcxIenum. The epiploic foramen is situated between the caudate process of the liver mmI the 
superior portion of the ducxlenum. 

Ju-t within the fonimeri i^ siliialed the vestibule of the bursa omentalis (Fig. 413), the trans- 
v<r-( fliamcler of whirh is ^juitL- small. It is plated beliind the lesser omentum and correspond? 
in .-iz«" to the caudatr lr;b(; of the liver, the po-^tirior surface of which it invests with peritoneum, 
a porii(Mi of it, l:nown a- the suprrior mr.ss 'Fig. 43.^'- t'xtending upward beneath the coronan* 
li.L'annni of the: livi-r. Tlic ])a])illary proci-ss of the- caiulate lobe may usually be seen through 
till- llaccid ]>orlion of thi; 1i'>mt omcntuni. The parietal j)eritoneumt which forms the posterior 
wall of the Inir^a om(ntali> invol- the ( rura of the diapliragm. portions of the abdominal aorta 
and of tin- infc-rior vrna cava, anrl tlu- alxlominal j>ortion of tin.- (r>o]»hagus. 

Ijrtwcin tin- \(>tibulc and the main portion of the bursa onu-ntalis there is a distincllv 
(■on>tri('ti'<l ]K)rti()n whi( h is lenm-d the isthmus of the bursa omentalis. It is produced bv a 
more or less i)ronoun(ed si(kle-.-ha])ed fold, the i^iistritpann'ratic jnld ' Fig. 413), which passts 
from the upper margin of the ])ancrea> to the gaslrie fundus and contains the gastric artcn". 
a brani ii of the e(i.'liac artery. 

'I'he greater portion of the l)iir>a omentalis lie> between tlu- >tomach and the pancreas, a n^i 
il^ transverse diametiT i> many iime> gnatcr than that of the vestihuK-. It provides a peritonea! 
covering for the |K)-lrrior -urface of the >t<>nia( h, the aniericir surface of the i»ancreas with the 

** I'liliiw l'.iu|):irt'> liiviimiit thrrr i- ;i (Itprr— inn ( iirri--|»«»n«liti^ in tlir ftin.ii.il tiiin. \\\v jiK'oi jcmoralis. 
t Tl'.i - l;ivi r c»f pt ritnmum w.i- nri^iii.illy n i>t triil, iK-iii^ ;i jMirlinn itf tlu- <l«)r>.il nuM)^.i>trium. 
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exception of the head of the viscus, the left suprarenal body, a portion of the renal surface of 
the spleen, and the upper portion of ihe left kidney. 




Heminal vaiele 

Fic. 411. — Thr anirriiir abdnminHl hhII at n nrw-bom rliitit, togrlhrr wilh rhc urinary bluilclrr. 11 
The anirrioi abilnmlniJ woll hu been removed bjr o frontal Kction pouing (lirough tbe hip-joinl ind by a 
M C ti og pBuing aliovir thv umUninu. 
U— 6 
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Fig. 413. — The viscera restinj; on ihe posterior abdominal w-all in siiu in an eigfat*year-old boy. 

The ar.torlor a:y:-^n'.:r.a: waI^ w::h :he oxce-jtion ♦.>: ::> lower left ponion, and the antrrior pan of the tliii| J|T^|fwi i^wy 
been rerr.ovv.''i by .1 !ron:.il 5ec:ior.. The s:o:r.jch froni the carxiia lo the pyloru* has be«i removed so as to show the pos- 
terior wall of :he bursa oniiT.:.iU>. The :iver has bi.vn con:ple:c'-y removed, and also ihe parietal pcntoneum with the 
35cendinj an-.i tiescer.viir.c r.:L*>iVol.^r.5. so that :he kiir.ej-s. -iuoiior.uTn, the great vessels, and the musdcs are exposed: onlv 

_ ^1 - . - —^ m. . — ^*A._ —_ . *. — .-^ — -_-..- — •.- — _ -_ -__^ w__i__ 1.- __ __ _ ■ mm _ .— . _ 

trans 

guinal 

with a rev! mass. 




Toward the loft the pcriionciim of the blII^a omental]? extends as far as the hilus of the stdecn 
and forms the spitK:c nctss. which is not nKirkt^d otT from the remainder of the bursa. There 
is also no sharp dt-marcaiion for the :fi;x:r:or rtctss of the bursa omentalis, which in the new-bom 
extends to the li;^ of the great omentum, but usually bocomt^s obliterated lo a ^'ariable extent 
within the free jx)rtion oi ihc izreat omentum, although it almost always persists within the eastiD- 
colic ligament. By the secondary aiihcsion oi the transverse colon and mesocolon (see page 7O 
to the posterior Liyer of the great omen:um. these structures acquire a relation to the bursa omen- 
talis ano. forr/i i:s :'AX^r or :'Os:er:or '.v.-;l. 

The :er::or.eu::: iorn:s ;i lariie number oi specially named duplicatures, some of which arc 
quite ir.a^r.sMP/.. M.;::y of :her.i are kr.ov.n as foivis or p.'uu. while others are less appropriatdv 
des:i:r..i:e': ..s I:L::v:r.tr-:s. A'.:::o;:jh :-'.e :r..-" r::y oi these structures have been considered in the 
j^receii-j .:L>cr:: ::on of :'::e ; erii-.-r.e:::::. :hey v.:!] r.o'.v be grouped together, and those wfaidi 
have no: "kcn : rev:o::s:v n:en::one-.: v. ;1: iv Lr:5.:"v describevl: 

.«*« ■ ii« ■■«■ ■■ «■■■ » 

■^« 1--.*. ...^ i.^- -.■^- ..»^... --...» *«-.twCL w^A^w -X* 
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The duodenojejunal jold forms the superior iMundary of the recess of the same name 

and sometimes contains the inferior mesenteric vein. 
The coral jold (Fig. 415) fixes the outer wall of the ca'ciim to the parietal peritoneum 

and limits the ca?cal recess. 
The ileocacal jold (Fig, 415) limits the inferior ileoca>caI recess, passing from the terminal 

(K>rtion of the ileum, op]>osite its mesenteric attachment, to the base of the ap- 

pendi.\ or to its mesenteriolum. It contains non-striated muscle. 




rill- -iyiiioiil colon h.T 



Tile mixtiamini (see paf;e 76). 
The niiseiiteriolum 0/ the appnulix 1 V\^. .\ 1 5I | 
and to the mes(HoIic bami of the ciecum. 
Tile sif'moid mesurnloii (see page 77). 
The mistircctum (see page 77), 



iN-;es In the uppir margin of the iip[>endix 
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Fig. 416, — Truiisvgrsc section tlirough ihc upper part of the abdominal cavity at the level of the tent 

thoracic vertebra. 
Fig. 417. — Transverse section through ihe middle p.irt of the abdominal cavity at the le\'el of the filT' 

cartilage lieliveen the second and third lumliar vertebra.-. 



26. The reclovrsiral jold. This is prc-scnt only in the male. It is a siclde-shapcd foi. 
containing the muscle of thf same name, and ]>asscs from the anterior surfac 



EMploie appemlages 




iMl'.im to llii' Mad'lir, lurtiiliiL' llu l:iiLi-;il i.(vinil:iry of the n.'ctWi-sU" 
iMiririL: JiiMli.«..l ii i- uMiallv Hn-1.. .-in<<- \W w, folds arv fusi^i , 
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I'cuiik-. Il i- a jiairi'd folil uml.iiiiijiL; ihc miir^ili.- ni" ihi- >ami> name, and luw 
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from the anterior surface of the rectum to the base of the broad ligament, form- 
ing the lateral boundary of the pouch of Douglas. 

28. The broad ligament of the uterus as well as the mesosalpinx, the mesovarium, etc. (see 

page 77). 

29. The transverse vesical fold (Fig. 412), passing over the empty bladder. 

30. The pubovesical jold (Fig. 412), often present in numbers in the supravesical fossa, 

at the site of the reflection of the peritoneum from the posterior surface of the 
pubic bone to the vertex of the (empty) bladder. 

31. The median umbilical jold (see page 81). 

32. The lateral umbilical fold (see page 81). 

33. The epigastric jold (sec page 81). 

In addition to the bursa omentalis, the peritoneum forms a scries of smaller pockets or recesses 
hich vary greatly both in reference to their size and frequency. The most important of 
lese are the following: 

1. The bursa omentalis (see page 82). 

2. The duodenojejunal recess (Fig. 409) to the left of the vertebral column; bounded above 

by the duodenojejunal fold, below by the duodenomesocolic fold. 

3. The injerior ileoca^cal recess (Figs. 409, 410, and 415), an inconstant but usually deep 

fossa, which opens inferiorly and toward the median line. It is bounded above 
by the ileoca^cal fold, to the right by the caecum, and below and behind by the 
mesenteriolum of the appendix. 

4. The superior ileocecal recess (Fig. 415), an inconstant shallower pouch at the upper 

border of the ileoctecal junction. It is bounded by the ileum, the caecum, and an 
inconstant fold of peritoneum containing the ileocolic arter\'. 

5. The ccEcal recess (Fig. 415), a recess in the parietal peritoneum which is open below 

and lodges the ciecum. It is }x)unded above and to the right by the ca^cal fold. 

6. The retroccecal recess (Fig. 415), small inconstant pockets which proceed from the upper 

portion of the ca?cal fossa or are situated alongside the right margin of that portion 
of the ascending colon which is adjacent to the Cixcum. 

7. The paracolic recess (Fig. 414), similarly shaped small inconstant pockets at the left 

margin of the descending mesocolon. 

8. The intersigmoid recess (Fig. 414), an inconstant funnel-shaped pocket which is rarely 

ver\' deep. It is situated at the root of the sigmoid mesocolon and opens down- 
ward and toward tlie left. 

9. The rectovesical pouch (see page 77). 



10 
II 
12 

13 
M 

15 
16 



The rectouterine pouch (see page 77). 

The bursa ovarica (see ])age 80). 

The vesicouterine pouch (see page 80). 

The vaginal process (an embryonic structure, see page 128). 

The supravesical jossa (see page 81). 

The internal inguinal jossa (see page 81). 

The external inguinal jossa (see page 82). 
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Fig. 41S. — Skeleton of the nose seen from the right and somewhat from above. 

Fig. 41Q. — Skeleton of the nose seen from in front. 

Fig. 420. — Skeleton of the nose seen from below. 

Fig. 421. — Xasal septum seen from the right side. 

Fig. 422. — The median wall of the nasal cavity seen from the right side. 

Tlio mucous membrane has l>cen removed from the anterior portion. 



The space heiween the posterior parietal peritoneum and the muscles and bones forming 
the i)osterior abdominal wall is known as the retroperitoneal space. It does not constitute a 
cavity throughout any portion of its extent, but is filled with viscera, vessek, nerves, and fattj* 
tissue. Among other things it contains the kidneys and suprarenal bodies, the ureters, the internal 
si)ermatic vessels, tlie aorta and its branches, the inferior vena cava, the branches of the lumbar 
plexus, and llie syni pathetic nerves with their plexuses. 

The prevesical space will be described at page 123. 

The Respiratory Apparatus. 

The nspiralory trac t in the broadest sense includes the nasal cavity, the larynx, the trachea 
Willi iis raniii'icaiions, and the lungs (Fig. 323), but in a restricted sense only the larvnx, the 
trachea, and Uu- lungs are regarded as respiratory organs. The nasal portion of the phantix 
al>o ser\es as an air-pa>sage and conse(]uenlly may be considered a portion of the respiraton* 
apparatus, while the u])])er portion of the nasal fossa is the seat of the sense of smell, just as 
p()rti()n> of ihr (mmI mucous nu-nibrani' are the seat of the senseof taste. The oral cavitv also 
niay (u-ca^icMiiillv he UM'd as an air j^assage. The respiratory organs appear to be an appendaiic 
ofihr il;;:r-ii\r i!Mi ; ; a- a uiailLT lA fari, tiny arise as gland-likc formations of the fore«^ut s^i. 
pa:::i iv >\ wl'.iK \\w i:rratrr ] Portion o\ the na>al fo>s:e has a common origin with the oral cavi:v 
i-n- ]M-u-. M aiul .)-.•. In (K'-rril)ing tiu' ua-al fo-sa^ it is customary to include the nose, and :!^ 
ilnivoi.l anvl ilnim:- i:lan<l> are usually ^.on-iden'd with the actual organs of respiration. 

THE NOSE (NASUS EXTERNUS). 

rihir iiKiN lu ricoirni/.ed in the no^e •, l''ig. ^\2.\^ a base, which is directed downward, anc 
a r. '.'.', .'M'.r.au.l luiwrui ilu- two orhii-; the rour.ded anterior surface is directed forward and 
upward anil i^ iinuid the dorMDu, and it terminates in the tip of the nose, or apex ua si. Thi 
margin^ rij)re>t luiuL: the lower borders oi the base pa<s backward from the tip to form the j/-.'. 
and tlie\ eon^iitiiir the lateral bor.ndaries of the nosfri/s (.//(/n v), which are separated from each 
other by tin- aniero inferior juM'tion of the na-al se])tiuri, the mcmhranons septum. 

The skJrio)! i>; iJu uosc J'^igs. .}iS to .\2\^ is formed ]»arlly by bones (see Vol. I, pages '"6 and ■ 
77) and partly by cartilages, the latter ( on-isting of the single cartilaginous septum, the antcro: I 
continuation of the bony nasal septimi isee \"ol. 1, page 77), and of a series of paired cartilairts. " 

The (artiliii^i)i()us nasal srptitm (Fig. 421) is a rather thin, rarely (juite even, irregular!- ■ 
cjuadrilateral plate which is attached to the anterior margin of the vomer (see Vol. I, page 66'! ar^: 
the inferior margin of the i)erj)endicular plate of the ethmoid (.see \'ol. I, page 63). Inferiorlv.: ' 
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does not quite reach to the nostrils, but terminates above them by a free margin which is indi- 
cated by a shallow groove on the mucous membrane, so that a small portion of the nasal sep- 
tum is membranous, and is known as the membranous or mobile septum,"^ The nasal septum is 
usually somewhat bent toward one side and this deviation is frequently very pronounced. 

The lateral nasal cartilages (Figs. 418 and 419) seem to be the direct continuation of the 
cartilaginous septum, since upon the dorsum of the nose they are fused not only with each other, 
but also with the upper portion of the anterior margin of the septum. They are flat triangular 
plates forming the antero-inferior portion of the lateral nasal wall, and are fixed by connective 
tissue to the anterior margins of the nasal bones and nasal processes of the maxilla?. Inferiorly 
they do not extend to the nostrils, but are loosely connected with the cartilages of the alae of the 
nose. 

The greater alar cartilages (Figs. 418 to 420) are two cartilaginous strips which are curved 
around the anterior ends of the nostrils; each is composed of an inner and an outer cms, which 
are continuous with each other at the tip of the nose. The outer crus is much wider than the 
inner, is applied to the lower extremity of the lateral cartilage, and follows the upper border of 
the ala of the nose, forming its anterior portion and also the tip of the nose. The much narrower 
inner crus is situated in the membranous septum at the lower margin of the cartilaginous septum, 
with which it is loosely connected. Both inner crura are in contact in the median line. 

The lesser alar cartilages (Fig. 418) are rather constant small cartilages which are frequently 
double, and are placed above and behind the posterior extremity of the outer crura of the greater 
alar cartilages. 

The sesamoid nasal cartilages (Fig. 418) are frequent but inconstant constituents of the 
dorsum and are situated between the two greater alar cartilages (outer crura) and the lower 
extremities of the lateral cartilages. In addition to these, the nasal skeleton also includes other 
smaller cartilages which are of rarer occurrence. 

The nose ix)ssesses muscles (see \'ol. I, page 182) as well as cartilages. The skin, particularly 
at the alae, is rich in large sebaceous glands; it is ver}' thin and delicate and contains practically 
no fat, and is firmly adherent to the underlying tissues in the region of the cartilaginous skeleton. 

THE NASAL CAVITY. 

The nasal cavity (Figs. 422 to 424), with the exception of the antero-inferior portion, which 
has a cartilaginous or membranous boundary, corresj)on(ls to the bony nasal cavity. It is divided 
by the septum into two symmetrical halves. Each of these has an anterior orifice, the nostril, and 
a i^osterior one leading into the ])harynx, the choana (see page 41), and by this route the air 
passes through the nasal cavity lo the pharynx and larynx. 

The actual nasal cavity may he (hstint^uished from the vestibule, which is practically enclosed 
by the cartilaginous nasal skeleton and is the area of transition of the integument into the nasal 
mucous membrane. Its lining near the nostril corres])onds to the skin and contains large hairs 

♦ The mohilc sqHuin iifvrrthflrs, » oiuain-, tin- inm r < rura uf Ixnh greater alar cartilaROs. The cart i la vinous svpCum 
fnquriitly M'lul-i .1 prori'ss In'twrfii thf vunirr mipI \hv prrfK-nclicular jilatc of thi' othm«)i«l; this priKcss is tcrmal the 
ipht'HoiJtil process of the rartilai^intius srptuin ( I*i^». \2\] arnl iK.ra«>ionalIy i-xu-ruK as far as the body of the sphenoid bone. 
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Fig. 423. — ^The lateral wall of the nasal cavity seen from the left. 

Fig. 424. — The lateral wall of the nasal cavity seen from the left, the lower and middle conchx being 

cut away. 



known as vibrissce, and it is marked off from the main portion of the nasal canty by a ridge, the 
limen nasi. 

The actual nasal cavity has the same walls and boundaries that have previously been con- 
sidered in the descrij^tion of the bony cavity (see Vol. I, page 76), since the periosteum (or perichon- 
drium as the case mav Ix*) is invested bv mucous membrane which in certain situations is ven* 
thick and vascular. Consequently there may be recognized three conchce {turbinated bodies)^ a su- 
perior, middle, and inferior concha, each of which contains the similarly named bone. Since these 
lx)nes are enveloped in a thick mucous membrane the conchae appear considerably more rounded 
than do the lx)ny structures, and, i)rojecting from the outer nasal wall, they subdivide the outer 
I)ortion of the nasal cavity into the superior, middle, and injerior meatus, while the undivided 
I)ortion situated between the free (internal) margins of the concha? is known as the common meatus 
of the nose. Between the margins of the uppc;r two conchae and the septum, this meatus is 
usually nothing more than a slit. 

A slight ridge like elevation which passes toward the tip of the nose from the anterior ex- 
tremity of the mififjle turbinated bofly is known as the agger nasi (Fig. 423) and is to be regarded 
as a rudimentary concha. Together with the anterior extremity of the inferior concha it bounds 
a space whicli is called the airiiim of the middle meatus. The choana is considerably lower 
than the nasal cavity, so that only a ])ortion of the latter can be seen through the choaiue from 
the nasal ])ortion of tlie pharynx; as a rule, only the f)Osterior extremities of the inferior and middle 
conf har arc vi.-ihlc, aivl it i^ only wlun the vertical diameter of the choanae is unusuallv ereat 
ih.ii the upj)er (Mies al>o conie into \ie\v. Above the suf)erior concha there is usually a pocket 
v.hi( li end.-, at tin- anterior surfa( e of llie l)ody of the sphenoid and does not run to the choana: 
heinir. ( on-c'jUrnlly, not an actual na-al meatus, it is known as the sphenoethmoidal recess. In 
tliis .^iiualion there i.- -onulimo proent a >liort ronrlia suprcma. 

Sinfe the c(;n(:lia* jire not a< lon.L,^ a- ilu- entire na>al cavity, especially the upper two, there 
i> a (onunon .-pace in front of both their anterior extremities; the anterior space is designated as 
the carina 1 V\\i. 47^', while the j)()<lerior one, -iluated immediately in front of the lateral border 
of tile choana. i.^ calh'fl the nasopJiaryiv^ral nuiitiis (sulcus nasalis posterior), and is a shallow 
groo\e, u-ually <juite indi.-tinct. 

A number of the openings into the bony nasal cavity fscv \'ol. T, page 77) which give passajze 
only to \('SseK and nervts are clo-ed by the na-al mucous membrane. This is the case, for in- 
stance, with the sphenopalatine foramen. The other openin.L^^s, ])articularly the orifices of the 
a( cessorv nasal cavities, are visible, althouL^h thev are more or less modilied and narrowed bv 
the na>al mucous membrane which j)asse> tlirough them to line the cavities. In the inferior 
meatu>, ..» or ,^ cm. from the nostril and about i cm. above the tloor, is situated a narrow slit, the 
lower oriiK (' of the uasolachrymal duel (Fig. 424) (for furtlier detail see under **Sensc Organs"\ 
am! at either >ide of the anterior extremity of the nasal crest (see \'ol. 1, page 68) the floor of 
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the cavity presents a protrusion of the mucous membrane into the incisive canal; in the human 
subject it forms a rudimentar}' duct, the ductus incisivus {duct of Stenson), which is usually 
entirely obliterated (Fig. 423).* 

Behind and above the entrance into the incisive duct the mucous membrane of the nasal 
septum not infrequently contains a fine horizontal canal, the rudiment of an organ which is well 
developed in mammalia, the vomeronasal (Jacobson's) organ (Fig. 422). In the newborn this 
structure is usually well developed and is supplied by the olfactory nerve.f 

Owing to differences in physiology and structure the nasal mucous membrane is divisible 
into two separate regions, the olfactory and the respirator^-, although they are not sharply defined. 
The olfactor}' region is small and includes only the upper part of the nasal cavity, that is to say, 
the upper concha, and the portion of the septum upon the same level, although it extends slightly 
dowTiward in certain situations. It is characterized by the possession of the olfactor>' glands. 
The entire remaining portion of the nasal cavity is lined by the thick, vascular, bright red mucous 
membrane of the respiratory region, which is intimately connected with the periosteum (or the 
perichondrium), and contains, particularly in the region of the lower two conchae, close networks 
of large veins, the venous plexus oj the conchce, and also numerous nasal mucous glands. The 
venous plexuses of the nasal cavity act almost exactly like erectile tissue and are able to produce 
a considerable narrowing of the nasal passages. 

THE ACCESSORY SINUSES OF THE NASAL CAVTTY (SINUS PARANASALES). 

The accessory nasal sinuses (sinus parancLsales) (Fig. 424) correspond exactly to the pre- 
viously described bony cavities (see Vol. I, page 77). They are lined by a very thin, pale mucous 
membrane, poor in glands, J which is adherent to the thin periosteum lining the cavities and is 
consequently readily separated from the bones. Their orifices into the main nasal cavity cor- 
respond to the bony apertures, but owing to the projecting margins of mucous membrane they 
are frequently considerably smaller than the same 0{)enings in the bony skeleton. The con- 
stant orifice of. the maxillar)' sinus in the ethmoidal infundibulum is particularly narrow and 
cleft-like; there is noi infrequently a second more rounded opening, however, beside the 
maxillary process of the inferior concha. 

The accessory nasal sinuses are subdivided into the smaller ethmoidal cells and the larger 
frontal, sphenoidal, and maxillar}' sinuses (see Vol. I, page 47 et seq.). 

The artcrits of the nose are derived (hielly from the external maxillary an<l infraorbital; the anterior portion of the 
nasal cavity is supplied by the anterior ethmoidal branch of the ophthalmic, while the |x)sterior |K>rtion is nouriihe<l by 
the sphenopalatine branches of the internal maxillary. 

The chiff veins of the nose are the angular an<l the infraorbital. The nasal cavity is drained by a larpe numln'r of 
veins, some corresiKindinj; t<» the arteries, some anastonio-Ning with those of the face, jialate, pharynx, and the a<ljacent 
bones, and some passing to the pterygoid plexu<. The lyiiiphati( s of the n(»e an<l of the anterior portion of the nasal fossa 

♦ These ducts are well develoiK**! in tlie niainiiialia, but in the human subject they only rarely terminate by means of 
an opening in the incisive papilla of the hani paiat*-. 

t In this situation in the human subje« t there aKo occurs a narrow cartilaginous strip, the vomeronasal cartilage^ 
which is asually also of rudimentar}' development. 

X The mucoas mem})rane of the accessory sinusts i> not entirely free fnun these structures, but is scantily supplied 
with very small mucous glands. 
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Fig. 425. — Thyreoid cartilage seen from in front. 

Fig. 426. — Thyreoid cartilage seen from the left side. 

Fig. 427. — Cricoid cartilage seen from behind. 

Fig. 428. — Cricoid cartilage seen from the side. 

Fig. 429. — ^Arytenoid cartilage seen from behind. 

Fig. 430. — Arytenoid cartilage seen from the medial surface. 

Fig. 431. — The cartilage of the epiglottis seen from behind. 

Fig. 432. — Epiglottis seen from behind. 



pass with those of the face to the submaxillary lymphatic glands; those of the posterior portion, together with those of the 
palate and pharynx, empty into the deep facial l3rmphatic glands. 

The olfactory region is supplied by the olfactory nerves. The nerves for the anterior portion of the respiratory 
region as well as those for the accessory sinuses are derived partly from the ophthalmic division of the fifth (the anterior 
and posterior ethmoidal branches for the anterior portion of the nasal fossae, the ethmoidal cells, the frontal sinus, and the 
sphenoid sinus) and partly from the superior maxillary division of the same nerve (the posterior portion of the nasal 
fossae and the maxillary sinus). 

During a certain period of embryonic life the nasal and oral cavities form a common space included within the oral 
invagination (see page 21), but the nasal cavity is subsequently separated from the mouth by the development of the 
palate. The first indication of the nasal cavity, and particularly of the olfactory region, however, b entirely inde{)endent 
of the mouth and consists of paired ectodermic formations, the so-called olfactory or nasal pits. 

THE LARYNX. 

The larynx (Figs. 425-442) is an irregular tubular dilatation of the respiratory tract proper 
which connects the pharynx with the trachea and transmits air to the actual respiratory passages. 
It is situated in front of the laryngeal portion of the pharynx in the so-called laryngeal region of 
the neck, and is opposite the lower three cervical vertebrae; superiorly it is intimately connected 
with the hyoid bone and inferiorly with the trachea. In the median line its anterior wall is 
immediately beneath the cervical integument, from which it is separated only by the superficial 
layer of the deep cervical fascia and, in the male sex particularly, it produces the so-called laryn- 
geal prominence (Adam's apple). The lateral portions of the anterior laryngeal wall, as well as 
the lateral walls of the organ, are covered by the platysma, the stemohyoidei, the stemothyreoidei, 
the thyreohyoidei, the omohyoidei (anterior bellies), and partly by the thyreoid gland, and a 
portion of the laryngeal wall is also concealed by the constrictor pharyngis inferior, which arises 
from the laryngeal skeleton. The posterior laryngeal wall is invested by the pharyngeal 
mucous membrane (see page 42) and constitutes the anterior wall of the laryngeal portion of the 
pharynx. 

The larjTix consists of the laryngeal skeleton, which is formed by cartilages and provided with 
ligaments and joints, the laryngeal muscles, the mucous membrane, and the laryngeal vessels and 
nerves. 

THE CARTILAGES OF THE LARYNX. 

The skeleton of the lar}^nx consists of three single (the thyreoidj the cricoid, and the 
epiglottis) and three or four pairs of cartilages (the arytenoid, corniculate, and cun^ijorm carii- 
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THE CARTILAGES OF THE LARYNX. 9 1 

lageSy and the cartilagines iriticecE). The individual cartilages are connected with each other 
partly by articulation and partly by synchondroses or syndesmoses. 

The thyreoid cartilage (Figs. 425, 426, 433, 434, and 441) is by far the largest of all the 
larj'ngeal cartilages. Although a single structure, it is composed of two symmetrical plates, the 
right and left plates of the thyreoid cartilage, which are large, approximately quadrilateral plates 
forming the anterior and lateral walls of the lar\^nx; their anterior margins meet at a right angle 
in the median line, forming the laryngeal protuberance. Above and below their junction the two 
plates are separated by a notch, the superior and inferior thyreoid notches respectively, and the 
posterior margins of the thyreoid plates are widely separated from each other, since the entire width 
of the cricoid cartilage is interposed between their lower extremities. The two thyreoid plates 
arc consequently situated in positions midway between the frontal and sagittal planes; they 
converge anteriorly and diverge posteriorly. In each plate there may be recognized an external 
and an internal surface, the latter being directed toward the cavity of the lar}'nx, and each plate 
also possesses a superior, a posterior, an inferior, and an anterior margin, the last named being 
fused with the corresponding margin of the plate of the opposite side. The almost straight 
posterior margin is the longest and its u{)per and lower extremities each exhibit a hornlike process 
which are designated as the thyreoid cornua. The superior comua are longer than the inferior 
and are bent somewhat inward and backward; the shorter inferior comua are directed inward 
and forward, and their inner surfaces exhibit a facet for articulation with the cricoid cartilage. 

The middle of the upper margin of the thyreoid cartilage is marked by the superior thyreoid 
notch, and to either side the upper margin of each plate exhibits a convexity directed upward. 
Each side of the lower margin, in addition to the shallower inferior thyreoid notch, presents a 
slight concavity, the two structures being separated by the inferior thyreoid tubercle. 

The inner surface of the thyreoid cartilage is smooth and presents no characteristic peculiari- 
ties. Each outer surface, however, exhibits a blunt projection near the posterior portion of the 
upper margin, the superior thyreoid tubercle (Fig. 426), from which {he oblique line, a smooth 
elevation which is not always distinctly developed, passes obliquely downward and inward 
to the inferior thyreoid tubercle, situated uf)on the inferior margin. It gives origin (or insertion, 
as the case may be) to the stemothyreoid, thyreohyoid, and partly also to the thyreopharyngeus 
muscles (see page 43). One or both of the thyreoid plates not infrequently contains an open- 
ing which is termed the thyreoid foramen. 

The cricoid cartilage (Figs. 427, 428, 433, and 434) is shaped like a signet-ring, the por- 
tion corresponding to the seal being posterior and the narrow f>ortion anterior. The lower 
margins of the two ])orlions are, however, situated in almost the same plane, while the upper 
margin of the seal iK)rtion is considerably above that of the narrow part, which is termed the 
arch. Near its root or junction with the seal portion upon either side, the outer surface of the arch 
shows an elliptical almost plane articular facet, the thyreoid articular .w/r/(/rr (Fig. 428), for the 
inferior comua of the thyreoid cartilage. This facil is situated u])on a smooth elevation. 

The seal i)orlion or lamina of the cricoid carlilagc is three or four times as high as the arch. 
Its posterior surface, which projects into the j)harynx (see page 42), presents a low mt^lian ridge, 
to either side of which is visible a shallow de])ression (Fig. 427), and at its upper margin there are 
two elliptical, convex facets, the arytenoid articular surfaces, for articulation with the arj'tenoid 
cartilages. The lower margin of the cartilage sometimes i)resents a very short j)ointt*d projection 
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Fig. 433. — The ligaments and articulations of the larynx seen from in front. 
Fig. 434. — The ligaments and articulations of the larynx seen from behind. 

Hyaline cartilage is colored blue; elastic cartilage and the hyoid bone, yellow. 

Fig. 435. — Frontal section of the larynx. 

Fig. 436. — Sagittal section of the larynx. 

Fig. 437. — ^Transverse section of the larynx at the level of the glottis. 



at the junction of the plate with the arch, and since the lower margin of the lamina is upon ap- 
proximately the same level as the lower margin of the arch, the upper margin of the latter ascends 
sharply as it passes into the lamina (Fig. 428). The cricoid cartilage forms the foundation of 
the entire laryngeal skeleton. 

The cartilage of the epiglottis (Figs. 432 and 434), the remaining single laryngeal 
cartilage, is a thin single plate, curved almost like a saddle, which passes downward into a 
pedicle, the petiole. It is convex anteriorly and above and concave posteriorly and below, and is 
enveloped in mucous membrane, thus forming the epiglottis (Fig. 435). Its upper margin is 
usually notched in the median line and it is usually provided with pit-like depressions, and 
frequently with foramina, which lodge the glands contained in the investing mucous membrane. 
Its petiole is attached to the superior notch of the thyreoid cartilage (Fig. 434), its base form- 
ing the epiglottic tubercle at the entrance to the larynx (Fig. 435). 

The only paired laryngeal cartilages of considerable size and importance are the arytenoids, 
the remaining partly inconstant cartilages being small and unimportant constituents of the 
laryngeal skeleton. 

The arytenoid cartilages (Figs. 429 and 430) are small, pyramidal, very movable structures 
which articulate with the cricoid cartilage. The concave surface in contact with the upper 
margin of the cricoid is termed the base, the upper extremity the apex, and each cartilage possesses 
three surfaces, an internal, an external, and a posterior. The lower surface of the base presents 
a facet for articulation with the cricoid cartilage, and also two processes: the pointed and flat 
vocal process, which is situated at the lower end of the anterior margin, and is directed anteriorly 
and gradually disappears in the vocal cord, and the blunt, rounded muscular process, which is 
placed at the outer angle of the base and directed backward. 

The apex of each arytenoid cartilage appears to be cut off transversely, and upon this surface 
is situated a corniculate cartilage which represents, so to speak, the absent tip of the arytenoid. 
The external surface of each arytenoid presents a horizontally curved ridge, the arcucUe crest 
(Fig. 429), which separates two depressions, the upper of which is known as the triangular 
fovea and the lower as the oblong fovea, and just above the triangular fovea and near the anterior 
margin there is a rounded tubercle called the colliculus. The posterior surface is concave; the 
very narrow internal surface is almost flat and is directed toward the median line, the two aryte- 
noid cartilages being in contact by means of their internal surfaces except superiorly, where the 
internal surface ceases to exist as such. 

The corniculate cartilages {cartilages of Santorini) (Figs. 429 and 430) are situated upon 
the apices of the arytenoids; they arc small pyramidal bodies, directed inward and backward. 




Fig. 435. 



Fig. 436. 



vocal ligament 
Ai> sttraohyoidei 
m- thywhyaidais 

'. omohyoidfas 




rricoaiytaenoid aHieulaiion 
m. cricoarytataoideas posh 

thyrtopharyngei 



gloitidh iinifrmembranous port.) 

III. vara lis 

Ihyreoarylaenoideits (exttmus) 
lamina of thyreoid cartila^ 



Fig. 437. 



gloitidis (iirfiTcarlihigiiioiis port.) 



I 



:! 



I 
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which take the place of the absent tips of the arytenoid cartilages. They produce the cornicuiate 
tubercles at the entrance of the larynx (Fig. 438). 

The aryepiglottic folds (see page 97) near the anterior margins of the arytenoids usually 
contain the paired, rod-like, and flattened cuneiform cartilages {cartilages of Wrisberg). They 
correspond to the cuneiform tubercles of the aditus laryngis (Fig. 438). 

The cartilagines triticeal (Fig. 434) are very inconstant, rounded nodules of cartilage, 
which are occasionally found in the lateral hyothyreoid ligaments (see page 94). 

The thyreoid, cricoid, and the greater portion of the arytenoid cartilages consist of hyaline 
cartilage; the epiglottic cartilage, the vocal process of the arytenoid, and the cartilages of San- 
torini and Wrisberg are made up of elastic cartilage. 

Ossification of the thyreoid and cricoid cartilages occurs regularly in the male and frequently 
in the female. It begins at puberty and is extensive in the male subject only, usually being 
limited to the central portions of the cartilages. 

The cartilages of the larynx are so arranged that the cricoid forms the foundation. Upon 
it are placed both the thyreoid and ar\'tenoid cartilages, which are the chief constituents of the 
lar}'ngeal skeleton. Of the remaining cartilages only those of Santorini and the epiglottis 
exhibit marked connections with the main portion of the skeleton, but they play no r61e in the 
mechanism of the lar}'ngeal framework. 

THE ARTICULATIONS AND LIGAHENTS OF THE LARYNX. 

The laryngeal articulations (Figs. 433 to 439) are situated between the cricoid and thyreoid 
and between the cricoid and arj'tenoid cartilages. The remaining cartilages are cither held 
together by (synchondroses or) syndesmoses or they have no actual connection with their 
fellows, the epiglottic cartilage, for example, being held in place by folds of its mucous membrane 
which pass to the thyreoid cartilage and to the tongue (see page 34). 

The paired cricothyreoid articukuions (Fig. 434) are the joints between the inferior comua of 
the thyreoid and the arch of the cricoid cartilage. Functionally it is a kind of hinge- joint which is 
enclosed within a thin and lax cricothyreoid articular capsule. This capsule is reinforced by the 
lateral and posterior ceratocricoid ligaments (Figs. 433 and 434), which act partly as check liga- 
ments, and anteriorly there is an anterior ceratocricoid ligament whose fibers interlace with those 
of the articular capsule. The thyreoid cartilage moves uj)on the cricoid in such a manner that it 
descrilx^s an arc of large radius around the cricoid; that is to say, in the forward and backward 
movement the upper extremity of the thyreoid cartilage moves through a greater arc than does 
the lower portion. The joints of the two sides always act together. 

Thv paiTVil cricoarytenoid articulations (Fig. 434) are the joints between the articular facets 
on the bases of the ar\ienoi(ls and the arytenoid articular facets of the cricoid cartilage. Each 
of the thin cricoarytenoid articular capsules is reinforced ])Osteri()rly by a strong elastic posterior 
cricoarytenoid ligament, which passes inward from the internal surface of the arytenoid to the 
ui)per margin of the lamina of the cricoid cartilage. The mechanism of these joints is such that 
they always act simultaneously. When the arytenoid cartilages are at rest their internal surfaces 
are parallel and in the sagittal plane, and their vocal processes are conser juently directed anteriorly. 
By the actions of the muscles uj)on the muscular processes, the lijjs of the vocal processes arc 



Fig. 438. — ^The aditos ]aiya^ seen from behind and above. 
Fig. 439. — The larynx opened from behind. 

"Ite left Tentrinu«rtoMU drawn upwmritnd the muoaaintMihtMaaniiig A ll liifcwiwMl flt^ h.^^|j|^^ 

Fig. 440. — The musdes of the posterior surface of the laTyiiz. 

Fig. 441.— The m. cricothyreoideus seen from the left side and somewhat fram in favoL 

Fio. 443.— Tile muscles of the laiynz seen from the left side. 

The gmter part of tbe left lamina cJ the thyreoid cutllagB hu-becB nBtorcd. 



either approxjmated (by turning the muscular pnxesses anterioriy) or lepuatrd (by tuming ihc 
muscular processes posteriorly). 

The connection of each cartilage of Santorini with the aiytcnnd ii tanned the arytar nie al0 
synchondrosis, but since the tissue connecting the cartilages is filHDC«ftiIi{ft the axticulatita b 
really a syndesmosis. 

In addition to the ligaments for the laryngeal articulations there is also a number of ane 
or less independent ligaments, some of which, however, are simply portiiiiis of the dbstic lac;iipd 
lining. 

The first of these is a lax elastic membrane, the hy^yreaid mtmbmu (Figs. 433, 4^ giA 
436), which passes from the upper margin of the thjrreoid cartilage to the lower margin and ^reaUT 
comua of the hyoid bone. It always presents a rounded opening (Pig. 433) which gives passa^ 
to the superior laiyngeal nerve. The median firmer and tenser pxirtion of the membrane is 
termed the middle hyothyreoid ligament (Fig. 433), in contradistinction to the lateral porliooi. 
which consist of marked fasciculi connecting the tips of the greater comua of the hyoid bone wild 
the superior comua of the thyreoid cartilage and are termed the laleral hyothyreoid /igamtntt. 
Each of these latter structures frequendy contains a carlilago triticea, usually situated at about 
the middle of the ligament. In front of the hyothyreoid membrane and immediately to either 
side of the middle hyothjrcoid ligament there is constantly present a flattened lobulated ma^ c of 
fat (Fig. 433), which is covered by the superficial fasciculi of the membnme. 

In a similar manner the lower portion of the lar>-ngeal skeleton, the criaud cartilage, is cod- 
nccted with the trachea by the cricalraclical Uganienl (Fig, 433), which is inserted into the upper 
margin of the first tracheal ring. This lifjament, which is rich in elastic fibers, seems to be the 
continuation of the elastic membrane of the larj-nx (sec page 95). 

A small ligament is found upon the posterior surfaces of the arytencud cartilages. Fnxn 
the tip of each cartilage of Santorini an elastic fasciculus, the corniculopkaryngeal ligament (Fig. 
434), passes downward, and unites with its fellow of the opposite side to be attached to the upper 
maipn of the lamina of the cricoid cartilage, in which situation it ionasthtcrieopkaryMg^ liga- 
ment. As their names indicate, these ligaments are connected with the overiying phaiyogeil 
mucous membrane. 

The anterior surface of the epiglottis is attached to the upper margin of the body <rf the bydd 
bone by the broad hyae pi glottic ligament (Fig. 436), which is rich in elastic fibers, w^iile the 
petiole is connected to the superior thyreoid notch by the ligamcntum tkyreoepi^aUic UgameKt. 
The glossoepiglottic folds, especially the middle one, also contain connective-tissue fasdcuU 
which imite the epiglottic with the root of the tongue (see page 34)- 
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Upon the outer surface of the larynx there is a cricoihyreoid ligament (lig. medium, conicum) 
(Fig. 433), a short strong elastic structure which frequently contains small foramina. It connects 
the inferior thyreoid notch with the upper margin of the arch of the cricoid and is the anterior 
extremity of the so-called clastic cone, and, consequently, not an independent ligament. 

The elastic cone is a markedly developed portion of the elastic membrane of the larynx, which 
is situated immediately beneath the mucous membrane. It is a short conical tube, beginning at 
the upper margin of the cricoid cartilage and becoming narrower as it passes upward to the 
thyreoid and ar)'tenoid cartilages, where it aids in the formation of the vocal cords and terminates 
abruptly at their upper margins. The cords, Uke the cricothyreoid ligament, are really portions 
of the elastic cone. 

The vocal ligaments (Fig. 437) are paired thickened strips of the elastic cone, which arise 
close together from the inner surface of the angle of the thyreoid cartilage, and run parallel to 
one another, and close to the median plane, to the vocal processes of the ar>'tenoid cartilages, 
which almost imperceptibly shade off into the pure elastic tissue of the ligaments. 

The ventricular ligaments are weaker, less elastic, and longer structures which run parallel 
to the vocal ligaments. They arise immediately above the latter from the inner surface of the 
thyreoid angle, and pass to the anterior margins of the ar>'tenoid cartilages above the attachments 
of the vocal ligaments. 

THE LARYNGEAL MUSCLES. 
The cricothyreoideus (Figs. 441 and 442) occurs upon either side of the anterior surface of the 
larynx and is partly covered by the stemothyreoideus and the thyreoid gland. It lies on either 
side of the middle cricothyreoid ligament and fills in the space between the lower margin of the 
thyreoid cartilage and the arch of the cricoid. Each muscle is composed of two portions which 
are not always distinctly separated, the straight and the oblique portion (Fig. 441). The former 
arises from the lower margin and anterior surface of the arch of the cricoid and passes almost 
vertically upward (really outward and upward) to the lower margin of the lamina of the thyreoid 
cartilage; it lies internal and superficial to the oblique portion, which it partly conceals, and is in 
contact with the cricothyreoid ligament. The oblique portion comes from the outer surface of 
the arch of the cricoid cartilage and passes obliquely outward and upward to the inferior comu 
and the adjacent j)ortion of the lamina of the thyreoid cartilage. Each constituent of the muscle 
is approximately triangular, so that the muscle as a whole is irregularly quadrangular. 

The cricothyreoid Ls suppliai by the su|x'rior larj-ngcal ner\'c (all the remaining lar}'ngeal muscles are innervated by 
the inferior lar>*ngeal ner\e). 

This muscle is the chief tensor of the vocal conls, since it increases the distance In-tween the thyreoid and arytenoid 
cartilages, by api)roximating the lower Ixirder of the thyreoi<l and the arch of the cricoid and tilting kick ward the lamina 
of the cricoid. 

The cricoarytcmoideus posterior (Fi^s. 365 and 440), the strongest of all the hm^ngeal muscles, 
is situated upon the posterior surface of the organ. It is a pairt^d muscle, almost triangular in 
shape, and arises from the shallow depression upon the posterior surface of the lamina of the 
cricoid cartilage, the muscles of the two sides being separated by the flattened median ridge of 
the cartilage. The muscle fibers converge toward the muscular process of the arjtenoid, upon the 
I>osterior surface of which they are inserted. 
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The muscle is supplied by the inferior laryngeal nerve. Its chief function is the widening of the rima glottidis, which 
it e£fects by pulling the muscular process of the arytenoid backward (and downward) ; the arytenoid cartilage itself is thus 
rotated about its longitudinal axis so that the vocal process is turned outward (and upward). 

The muscle sometimes gives off a fasciculus which is inserted into the inferior comu of the thyreoid cartilage; it is 
known as the ceralocricoideus. 

A second muscle, the cricoarykenoideus lateralis (Figs. 435 and 442), runs between the 
cricoid and arytenoid cartilages. It arises on either side from the upper margin of the arch of 
the cricoid and its short fibers pass obliquely upward, backward, and inward to the outer surface 
of the muscular process of the arytenoid cartilage- 

This muscle b supplied by the inferior laryngeal nerve. It pulls the muscular process of the arytenoid downward, 
outward, and forward, and rotates the cartilage so that the vocal process is turned upward and inward. It consequently 
narrows the rima glottidis by approximating the two vocal processes. 

The arytanoidei serve as sphincters of the aditus laryngis and are aided by several weaker and 
inconstant muscular fasciculi. 

The single arytanoideus transversus (Figs. 440 and 442) is a short, thick, strong muscle of 
quadrangular shape. It runs from the outer margin and posterior surface of one arytenoid 
cartilage to the similar points upon the other, and fills out the fossas (see page 92) upon the 
posterior surface of these structures. 

The arytcBfwideus obliquus (Fig. 440) is a paired muscle, usually consisting of feebly develoj)ed 
fasciculi situated superficially to (behind) the transversus and crossing and interlacing in the 
median line. The fibers arise from the muscular process of one arytenoid and are inserted 
chiefly into ...c apex of the opposite cartilage; they are usually continued over the apex of the 
arytenoid into the aryepiglottic fold and extend as far as the lateral margin of the epiglottis. The 
latter fasciculi ar,e also associated with independent fibers from the apex of the arytenoid or from 
the cartilage of Santorini and form what is termed the aryepigloUicus (Fig. 442). They are of 
variable developir.ent, as are also the other fibers passing to the epiglottis (see below). 

All these muscles are supplied by the inferior laryngeal nerve and narrow the entrance to the larynx. The aryepi- 
glotticus can also draw the epiglottis downward. 

The thyreoid and arytenoid cartilages are connected with each other by a more or less con- 
tinuous muscular mass which forms the musculature of the vocal cords. This may be regarded 
as consisting of three separate muscles, which, however, are usually intimately associated. 

The thyreoarytcBfioideus (externus) (Figs. 437 and 442) arises from the inner surface of the 
lamina of the thyreoid cartilage and runs to the muscular process and the outer surface of the 
arytenoid cartilage. It is usually almost directly continuous with the outer margin of the m. 
vocalis. Individual muscular fasciculi, often very slightly developed, pass into the false vocal 
cord, where they run between the glands of this structure and the wall of the laryngeal ventricle 
and form what is termed the w. ventricularis. Other fibers frequently extend into the aryepiglot- 
tic folds, where they fuse with those of the aryepiglotticus; they are known as the thyreoepigloi- 
iicus. 

The actual muscle of the vocal cord, the m. vocalis (Figs. 437 and 439), is adherent by its 
outer (upper) border with the thyreoarytxnoideus and by its lower border with the (upper border 
of the) cricoarytxnoideus lateralis. It is situated within the mucous membrane of the vocal fold. 
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arising from the inner surface of the lamina of the thyreoid cartilage close to the angle and 
inserting into the vocal process and the adjacent portion of the outer surface of the arytenoid. 
The muscle is intimately connected with the vocal ligament and, as it is shaped like a three-sided 
prism, it appears triangular in frontal section. 

These muscles are also supplied by the inferior laryngeal nerve. Their function is the regulation of the finer move- 
ments and tension of the vocal cords. The thyreoarytaenoideus narrows the rima glottidis, the vocalis shortens and conse- 
quently relaxes the true vocal cords, the ventricularis moves the false vocal cord, and the thyreoepiglotticus acts upon the 
epiglottis. 

THE LARYNGEAL MUCOUS MEMBRANE. 

Instead of a submucosa, the lining mucous membrane of the larynx possesses a strong layer 
of elastic fibers which forms the elastic membrane oj the larynx. This becomes thicker in the 
lower portion of the larynx to form the elastic cone. 

The mucous membrane of the larynx follows in general the relief of the laryngeal skeleton 
and of the elastic cone, but in certain situations it forms independent folds. It is directly con- 
tinuous above with the mucous membrane of the mouth and pharynx and below with that of the 
trachea, but it is arbitrarily supposed to commence at the root of the tongue. In this situation 
it invests the upper and anterior surface of the epiglottis and is attached to the tongue by three 
folds, the median and two lateral glossoepiglottic folds (Fig. 351). Between them upon either side 
is a depression, the epiglottic vallecula. Two other folds, the aryepiglotiic folds (Figs. 436 and 
439)1 P^s from the epiglottis to the apices of the arytenoids or to the cartilages of Santorini. 
They form the lateral boundaries of the entrance to the lar}'nx (aditus laryngis), and, in addition 
to muscular fibers (aryepiglotticus), usually contain the cartilages of Wrisberg. The aditus 
lar)mgis (Fig. 438) is situated upon the anterior wall of the upper portion of the larj^ngeal portion 
of the pharynx and corresponds to the level of the fourth cer\ical vertebra. It is bounded an- 
teriorly by the epiglottis, laterally by the ar}'cpiglottic folds, and posteriorly by the ar>'tenoids 
and cartilages of Santorini. Between the cartilages of the two sides, the larj'ngcal mucous 
membrane forms the interarytcenoid fold, which partly rounds off the interarytcenoid notch, situated 
between the two arytenoids. 

At the posterior portion of the aditus laryngis are two nodular elevations of the mucous 
membrane (Fig. 438): (i) the corniculate tubercle, corresponding to the location of the cartilage 
of Santorini; and (2) the cuneiform tubercle, corresponding to the cartilage of Wrisberg. 

From the aditus laryngis the mucous membrane extends into the interior of the organ and 
lines the laryngeal cavity, the most important structure which it produces in this situation being 
the vocal apparatus or glottis. This divides the larv^ngcal cavity into two chief portions, the 
laryngeal vestibule, situated above the glottis and below the aditus, and the laryngeal cavity, which 
lies below the glottis. 

The glottis is placed somewhat below the center of the larynx and consists of two lips, the 

labia vocalia, and of a median fissure, the rima glottidis (Fig. 438). Each lip is formed by the 

mucous membrane investing the vocal ligament and the m. vocalis (Fig. 437), and its free margin 

is called the vocal fold (true vocal cord), which in its posterior portion contains the vocal process of 

the arytenoid cartilage (Fig. 436). 

The rima glottidis (Fig. 438) consists of a short posterior portion, the intercartilaginous 
n— 7 
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Fig. 443. — ^The larynx, trachea, and bronchi seen from in front. 
Fig. 444. — ^The larynx and thyreoid gland seen from in front. 



portion, u e., the portion bounded by the vocal processes of the arytenoids with their investment 
of mucous membrane, and the irUermemhranous portion, the longer anterior portion between 
the vocal ligaments and their mucous covering. The intercartilaginous portion is the wider, the 
intermembranous the narrower portion. In their relaxed condition in the cadaver both por- 
tions may always be distinctly recognized, since the tip of the vocal process is visible as a yellowish 
point beneath the mucous membrane. Another yellowish spot, known as the macula flava, is 
constantly present at the anterior extremity of the labia vocalia, where the elastic fibers of the 
vocal ligament are particularly dense. The labia vocalia project markedly toward the median 
line and the rima glottidfs is consequently the narrowest portion of the laryngeal cavity. 

Upon the anterior wall of the vestibule of the larynx is situated a nodule, the epiglottic 
tubercle (Fig. 439), which corresponds to the base of the epiglottic petiole. Above and parallel 
to the true vocal cords arc found two folds of mucous membrane, known as the ventricular folds 
or false vocal cords (Figs. 435, 436, and 439) ; they contain the ventricular ligaments (and muscles). 
Between their free internal edges is situated a fissure, the rima vestibuli, which is considerably 
wider than the rima glottidis, so that when the larynx is viewed from above (through the aditus 
laryngis), the true vocal cords arc seen in the rima ventricularis (laryngoscopic picture). Below 
the false and above the true cords is situated a lateral recess of the laryngeal cavity which is 
known as the ventricle of the larynx {ventricle of Morgagni) (Figs. 435, 436, and 439). From its 
upper wall a blind process of variable development extends upward upon the posterior surface 
of the lamina of the thyreoid cartilage, behind the anterior extremity of the false vocal cord, and 
is known as the appendix of the ventricle (Fig. 439). In many of the anthropoid apes this forms 
the so-called laryngeal sac. The lower portion of the ventricle of the larynx is called the aditus 
glottidis superior. 

Below the glottis the mucous membrane covers smoothly the inner surface of the elastic cone 
and exhibits no folds, since it is firmly connected with the clastic tissue, the cavity of this portion 
of the larj'nx exactly corresponding to the shape of the cone. The portion situated below the 
glottis is called the aditus glottidis inferior. 

Except upon the vocal cords, a large number of mucous glands are situated in or beneath the 
laryngeal mucous membrane and are termed the ajiterior, middle, and posterior laryngeal glands. 

The larynx of the female differs from that of the male in the smaller size of the cartilages as wtll as by its smaller 
dimensions in general, and, in addition, the lamina; of the thyreoid are united at an obtuse instead of at a right angle, as in 
the male. During child hcxxi the larynx of both sexes is of the female type, but in the male it commences to grow quite 
rapidly at the age of puberty. In the female the cartilages usually remain cartilaginous and never undergo more than a 
trivial o-sifiration. 

The arteries of the larynx are the superior laryngeal branch of the superior thyreoid and the inferior laryngeal branch 
of the inferior thyreoid. The veins are named like the arterie-^ ; the superior empties into the superior thyreoid vein, which 
passes to the internal jugular, the inferior runs to the plexus thyreoideus imf)ar and to the left innominate vein- 

The lymphatics pa^s chicHy to the ^uperiordcep ccr\'ical lymphatic glands. 

The nerves are the su[>erior and inferior laryngeal, both of which are branches of the vaguSi although their 
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origins are widely separated. The superior laryngeal is largely the nen-e of the mucous membrane, but its external 
branch also supplies the cricoth)Teoideus; the inferior laryngeal is largely motor and supplies the remaining laryngeal 
muscles. 

THE TRACHEA AND ITS DIRECT RAMIFICATIONS, THE BRONCHI 

The trachea (Figs. 328 and 443) is a rather rigid and constantly open tube, 10 to 12 cm. 
long and 11 to 18 mm. wide, which leaves the lar}'nx at the level of the intervertebral disc 
between the sixth and seventh cervical vertebrae and extends to that of the disc between the 
fourth and fifth thoracic vertebnx*. In the latter situation or in front of the fifth thoracic verte- 
bra it divides into two branches, the bronchi, which form a right angle with each other. This 
division is callcxi the tracheal bijurcation. 

Throughout its entire length the trachea is situated almost in the median line, the larger 
portion being in the neck and the smaller in the thorax. 

In the neck it lies in the thyreoid and suprasternal regions and in the jugular fossa, and its 
anterolateral portion is covered by muscles (sternohyoideus and sternothyreoideus). Near the 
median line its anterior wall is separated from the skin only by the superficial layer of the deep 
cervical fascia, except where it is crossed by the isthmus of the thyreoid gland, but toward the 
sternum it gradually assumes a deeper position, and in the lower jx)rtion of the Uixk, it is placed 
behind the thyreoid venous plexus and the vena thyrt^idea ima.* 

The thoracic portion of the trachea lies behind the manubrium stemi and the left innominate 
vein, other structures in front of it in this situation being the innominate artery, which crosses it 
at an acute angle, and a part of the left common carotid (lateral wall of the trachea). The 
tracheal bifurcation is situatcnl immediately behind the aortic arch, and the entire length of the 
j)osterior (membranous) wall of the trachea is in immediate contact with the oesophagus (see page 

44) (Fig. 459)- 

The tracheal skeleton consists of cartilaginous rings, the tracheal cartilages, which are open 
posteriorly, where from a third to a fifth of their circumference is wanting. Their number varies 
between sixteen and twentv, and thev form the anterior and lateral walls of the trachea, which are 
cylindrical, while the posterior wall is llattened. The rings frequently bifurcate (the lower more 
often than the upper) or neighl)oring rings anastomose with each other; in rare instances they 
are perforated. Their j)osterior extremities have markedly rounded apices and are of about the 
same width as the remaining |)ortion of the ring. The uppermost ring is the widest and is never 
bifurcated; it is connected with the inferior margin of the cricoid cartilage by the cricotracheal 
ligament (see page 94), and the remaining cartilages are connected with each other by elastic 
membranes, the annular lii^amenis, which pass from the inferior margin of one cartilage to the 
superior margin of the underlying one, each margin usually being slightly beveled. 

The i)osterior wall of the trachea has no cartilaginous skeleton and is consequently called 
the membranous wall. It is llattened and consists chiefly of nonstriated muscular tissue which is 
stretched iK'tween the extremities of the tracheal rings. 

The mucous membrane of the trachea is a direct continuation of that of the lar\'nx and 
exhibits the same characteristics. It rests u[)on a thick elastic foundation, the continuation of 

* In rare ca^cs also behind the incunbtunt artcria thyreoklca ima. 
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Fig. 445. — LiUoral surface of the right lung. 

Vio, 440. — Lateral >urface of the left lunsj. 

♦— Tonviui'-likc privi-ss of iho lunc[ which rtf>is upon the pericardium. 

Fig. 447. — Meilian surface of the left lung. 

* = Tongue-like pnHv>< of ihe luri j; which rests uix)n the pericardium. * 

Fig. 44S. — Meilian surface of the right lung. 

Fig. 449. — The two lungs from in front, tt^gether with the lower part of the trachea and the bzx>iicfai, 

the branches oi the l^ronchi being exposed by cutting away the lung tissue. 



the elastic mcmhninc of the larynx, which contains marked longitudinal fasciculi. The mucouf 
tracheal glamls aic pariicularly j>lLntiful in the region of the annular ligaments and of thi 
membranous wall (.Tig. -44o\ and in the latter situation the laige glands usually cxteni 
through the musculature ami are visible ujxjn the outer surface of the trachea as nodules the ?i:i.' 
of a millet-secil. 

The two bronchi i,Figs. 44^^ 44(^, and 450") arise at the tracheal bifurcation, the right bron- 
chus being shorter and broader than the left. As they leave the bifurcation thev make almo: 
a right angle with each oihcr, and each j^asses outwanl and dowTiward to the hilus of the li:n:. 
whcii' ii subil:\idcs \n\o lis raniificaiions. Ai the tracheal bifurcation a few bronchial IvmphaL: 
!'l.nul< arc not infrivjucn'dy prc-ent. 

riu' >i!i;ct;;:v- o[ ilic walls of the l.^ronchi almost completely corresponds with that of :h. 
i!-.ii !u a. riu\ .iiv- s::n;l.i;ly :>ro\itK-d wiih incomplete cartilaginous rings and possess a posttric: 
inrinbr.i!^»i:- \\.:ll \\\\h l':v»:u\'iial Lrlantls. The shape of the cartilaginous rings is more irrcsnil^r 
i:i ;hr Imvmi. W. iIm!i :!i ;:u- i:-;:clu.i, an«l anasiomoses bi-tween them are more frequent. At :b-' 
l'ii;;:i .i:;v^"i :liii«- i> >o'iu:iinr< .'. -:rv:K' ^i):Mino:i cariilaijje which is connected with the last trachci 
r-: • .1 ; . 

1 •■■;•:'. ibillioraric trachea by the bronchial ar:- i 

''■■ \- • ■ « ■' i ^■ -'i-^ «'r intu the ihyrMul plexus. The Ivrr'-h^- ■ * 

■ ■ . .' 1 ' :•. .: ! . ^:^ - .IV !u:nUlu'(l paHly by the vagus and partlv'l-y-- ' 
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THE LUNGS. lOI 

broad shallow furraw, the subclavian sulcus (Figs. 447 and 448), which is produced by the sub- 
clavian artery. 

The extensive convex surface (Figs. 445 and 446), which is directed chiefly outward and 15 in 
contact with the thoracic wall, is tcnncd the coslal surface, while the opposite, much smaller, 
lai^ely concave, internal surface is directed toward the heart and is known as the mediaslinal 
surjace. 

The costal and diaphragmatic surfaces arc separated by the shaq» lower border; the 



Lrjl brawk af pulmonary arlery 
■• ., Apical bronehui 




mwliastinal and rostal siirfaas are sejjaratcci in front I)y the anlrrtor bonier, whith is neither so 
sliarp, n'};ukir, nor smooth, Ijiil is neverlheli-ss very ihin. 

The mediastinal surface (Fi^s. 447 ami 44S) is >iliiate<! ap])roximaleIy in the sagittal plane 
and is concave only in ihi- niiiidle and lowartl the antiriur mari;in, the concavity corresjwnding 
to the surface of the heart ami bcin;,' lernicd the lantini- hnprrsxioii. As a rhuIi of the iinsyra- 
melrical i)osilion of the heart, the surface is larg<r in the left than in the right lung. That {mrtion 
of it which lies behind the cardiac impRssion is convex ami exhibits a vertical groove, produced 
by the aorta in the left lung, where it is consit|uentIy broati and deep, and by the vena azygos 
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in the right lung, where it is correspondingly narrow and shallow. In the region of the apex 
this surface also presents the subclavian sulcus. 

The posterior portion of the cardiac impression contains a slightly depressed pear-shaped 
area, whose apex is directed downward; this area is uncovered by the pleura and is the hilus of 
the lung. It is for the entrance of the vessels and bronchi, which form the so-called root of the 
lung. 

With the exception of the hilus, almost the entire surface of the lung is covered by the pleura 
and is consequently perfectly smooth. Through this membrane may be seen the reddish-gray 
pulmonary substance upon which the limits of the individual pulmonary lobules may be recog- 
nized as dark bluish-black or black lines which are due to the accumulation of coal-dust in the 
interstitial tissue. They form irregular pentagonal or hexagonal, slightly elevated areas, which 
correspond to the pulmonary lobules, and from them finer lines are sometimes given off. Usually 
additional rounded pigmented areas are also observable, which vary in size, but rarely exceed 
several millimeters in diameter. Each lung possesses deep fissures passing from the surface to 
the interior of the organ; they are known as the interlobar fissures or notches and mark ofiF the 
individual pulmonary lobes, penetrating deeply into the pulmonary substance. The pleura 
extends to the bottom of the fissures. 

The pulmonary tissue is spongy in character and is frothy upon cross-section on account of 
the admixture of air-bubbles from the alveoli with the blood from the divided vessels and the 
bronchial mucus. 

The larger right lung is subdivided by two interlobar fissures into three lobes which are 
known as the upper, middle, and lower lobes; the smaller left lung has but a single fissure and two 
lobes, an upper and a lower. The interlobar fissure of the left lung begins above at the level of 
the third rib and passes obliquely from behind forward and above downward, to terminate upon 
the base of the lung, so that the anterior portion of the lower border is included in the upper lobe 
(Fig. 446). This fissure is visible upon the costal surface, the mediastinal surface (except at the 
hilus), and to a limited extent also upon the diaphragmatic surface. 

.The interlobar fissure of the right lung, which separates the superior from the middle and 
inferior lobes, corresponds to the interlobar fissure of the left lung, except that it commences some- 
what lower posteriorly and terminates further externally at the base and inferior margin than is 
the case in the left lung (Figs. 446 and 448). It is considerably deeper than the second fissure, 
and is visible upon the costal surface, the mediastinal surface (anterior and posterior portions), 
and the diaphragmatic surface. The second interlobar fissure of the right lung, is shorter and 
shallower than the first and is subject to considerable variation in its development. It separates 
the middle from the upper lobe and is placed approximately at a right angle with the other 
fissure. It is visible only upon the costal surface and that portion of the mediastinal surface 
which is situated in front of the hilus, and does not appear upon the diaphragmatic surface. The 
upper lobe of the right lung consequently does not extend to the pulmonary base, as is the case 
upon the left side. The middle lobe of the right lung is by far the smallest of the three. 

In addition to the number of lobes, the right and left lungs exhibit still other differences. 
The left lung is narrower and somewhat longer than the right, since it extends to a somewhat 
lower level, but the apex of the much broader but shorter right lung usually reaches somewhat 
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higher than does that of the left. The volume of the right lung is about one-tenth greater than 
that of the left. The anterior margin of the right lung is almost straight, but that of the left 
presents a notch, the cardiac notch (Fig. 446), through which the pericardium is visible, and 
below which the anteroinferior extremity of the upper lobe extends as a narrow tongue-like lobe 
in front of the pericardium. 

In addition to the hilus there is a narrow strip of the lung, extending downward from the apex 
of the hilus, which is uncovered by pleura; it gives attachment to the pulmonary ligament (see 
page 112). In the left lung (Fig. 447) this strip is situated immediately in front of the groove 
produced by the aorta; in the right, in front of that caused by the vena azygos. In addition to 
the vessels and bronchi forming the root of the lung, the hilus also contains the small pulmonary 
lymphatic glands, which rarely attain a size larger than that of a pea. The vessels and bronchi 
entering the hilus are arranged in such a manner that the branches of the pulmonarj' artery are 
the most superior, those of the pulmonary vein most anterior, and the bronchi most posterior. 

Each lung lies in a serous sac formed by the pleura, and during inspiration almost entirely 
fills the thoracic cavity. They are in relation chiefly with the heart and the large vessels which 
make impressions upon their surface, and they are separated from the liver, stomach, and spleen 
by the diaphragm. 

In relation to the skeleton, the left lung usually extends somewhat further downward than the 
right (Figs. 451 and 452). While by far the greater portion of each lung is situated within the 
thoracic cavity (see Vol. I, page 32), the pulmonary apices extend above the clavicles and the 
superior thoracic aperture by about 3 or 4 cm. and correspond to about the level of the neck of the 
first rib. The lateral pulmonary limits are defined by the shape of the thorax. In moderate expira- 
tion the lower pulmonary border corresponds to the sixth rib in the parasternal and mammillary 
lines,* to the upper margin of the eighth rib in the axillarj' line (the lower margin of the left lung 
extends to the eighth intercostal space), to the ninth or tenth rib in the scapular line, and to the 
tenth or eleventh thoracic vertebra in the median line (in this situation the left lung extends to 
the eleventh rib). The anterior border of each lung is situated suf)eriorly behind the sterno- 
clavicular articulation, and upon the right side it extends in a straight or slightly curved line to 
the sixth rib; while upon the left it passes downward to the fourth costal cartilage, below which 
it is continuous toward the left with the cardiac notch. 

Before the bronchi reach the pulmonarj' hilus they subdivide into their branches, which arc 
known as the bronchial rami. According to their relation to the branches of the pulmonary 
arterj' at the pulmonary hilus, cpartcrial and hyparterial bronchi may be recognized (Figs. 447, 
448, and 450). The ramus passing to the upper lobe of the right lung is the only one which is 
cpartcrial, /. e., it enters the lung above the branches of the pulmonary artery; the remaining 
bronchial rami of the right lung, as well as all of those of the left, are hyparterial. 

The bronchus which traverses the entire lung, gradually becoming smaller in caliljer as it 

♦ Since the ribs arc not plac«.»fi hori^mially but obliquely, the location of a thoracic organ is determined by a number 
of lines: the stermil line is at the lateral margin of the sternum j)arallel to the mwlian line; the mnmmillary line is paralld 
to the preceding ami passes through the nipple; the parasternal line is midway l)etwecn the sternal and mammillary lines; 
the axillary line passes through the center of the axillarj- cavity and pro<'ef*l> from its highest point; and the scapular line 
is parallel to the median line and passes through the inferior angle of the scapula. 
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pursues a slightly curved course toward the posterior portion of the base, is designated as the 
main bronchus (Fig. 450), and seems to be the direct continuation of the bronchus given off from 
the tracheal bifurcation. Running ofT at an acute angle from this are small dorsal and larger 
ventral lateral ramifications, which pursue a slightly curved course, the concavity of which is 
directed downward. Only the uppermost branch of each main bronchus, known as the apical 
bronchus, passes in a curved direction with the convexity downward; upon the right side it runs 
to the upper lolx?, upon the left to the upper portion of the upper lobe. The right apical bronchus 
is eparterial, but the left, like all the bronchi upon this side, is hyparterial. 

Unlike the trachea and its two bronchi, the bronchial ramifications are cylindrical, since the 
membranous wall is absent, and instead of cartilaginous rings they contain cartilaginous plates 
of irregular shape, which extend about their entire circumference. These plates are frequently 
perforated and become smaller and smaller as the bronchial ramifications penetrate into the pul- 
monary tissue; they disappear entirely when the caliber of the bronchioles becomes less than one 
millimeter. 

(For further details in reference to lhe>e structures as well a.s to the lung in general see the Sobotta-Hubcr "Atlas and 
Epitome of Ntjmuil Histology."} 

Two (lilTercnt arteries enter the lung. The main vessel is the pulmonary artery, the artery of the lesser or pulmonic 
circulation (see page 167). Kai h lung receive-; a branch of the j)ulmonary artery, which in turn gives off smaller branches 
at the pulmonary hilus. The pulmonary artery brings the blo<xl which has lK*en utilizi**! in the general circulation (the so- 
rallefl venous blixwl) to the lung, and the bUxKl which has been <»xygenatcd or **arteriali/.e<r' in the lung leaves the viscus 
through the pulmonary veins. The venous branches leaving each lung arc usually collected by two main trunks at each 
hilus. 

The branches of the ])ulmonar\' artcr}' entering each hilus are accompanic<l by small branches of the aorta, the 
bronchial arteries. They supply the walls of the bronchial ramifications; their raf)illaries or venous radicals are ap|)arcntly 
inconstant in their termination, .some of them passing into the vena azygos. The numerous lymphatic vessels of the lungs 
pass first to the pulmonar}' lymphatic glands situated in the neighlM»rhoo<l of the hilus, and from these to the higher 
bronchial lymphatic glands (see j)age 100). \'er)- <mall lymphatic glands arc also situated beneath the visceral pleura. 
The nerves of the lung are furnishitl by the vagus, whii h gives ofT numerous small trunks entering the hilus, and by the 
sympathetic. 

The lungs and the <ntirc respiratory trad are develoixfl as a diverticulum from the embryonic foregut. This 
diverticulum is visible a-j a blin<l iMK.ket in the third wrvk of end>ryonic lif<', but this >(M)n enlarges and exhibits indications 
of the ^ub^efjuent larynx, trathea, and lungs. Thr divmi* uKnn iKionu*-^ (onstridetl from what is sul)sequently the 
pharynx at the <\\c of the aditu-- laryni^i^, am! at the end of thr f«)Urth w<ck <if enibryoni* lif<* the blind extremity 
of the ri*>;|iir.itory divi-rti<nlum dividr--. and indicates the position of Ixith lungs, whit h sulwecjuently clevelop exactly 
like gland-, by a proce>>. of budding or .^pnmiing. 



THE THYREOID GLAND. 

The thyreoid gland (Figs. .} \ |, .151, and 452) has only to])ogra])hic relations to tlie organs of 
the res|)iratory tract; in nlhcr n>j)irts it bLlonu:> to the (hictlr^s glands 'Lrland> with inti-mal 
secretionNJ. It is .situalnl in the rn c k in front ol" thr trachia and thi- lateral jjoriions of the larynx, 
and is also partly in contact with tin- lalrral wall of tlu- laryn^opharynx. Its middle jjortion is 
covered by the supcrllcial layer of ilu- (lr<]> cc rvical fascia, and laterally it is immediately beneath 
the sternothyreoidei, which lie u]M)n the .•i:lan<l, the remaining infrahyoid muscles, the inner margin 
of the sternocleidomastoideus, an<l the platy^ma. 

The glan<l has a yellowish-red color and a rather smooth surface; it is shaped like a horse- 
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shoe and is of moderately firm consistence. It is a single structure, consisting of a narrow middle 
portion or isthmus and of two lateral lobes. Its size is subject to great individual variations and 
it frequently attains considerable dimensions as a goitre. 

The isthmus (Fig. 444) is a markedly flattened cylindrical body situated in front of the upper 
three or four tracheal rings, although when markedly developed it may also lie in front of the 
cricotracheal membrane and the arch of the cricoid cartilage; it is connected to these structures 
by loose connective tissue. Corresponding to the shape of the trachea, the isthmus of the gland 
is convex anteriorly and concave posteriorly. A single elongated and pointed lobe not infre- 
quently proceeds upward from the isthmus and is known as the pyramidal lobe (Fig. 444) ; it is 
situated in front of the thyreoid cartilage, in the median line or to one side (usually to the left) of 
it, and extends upward as far as the body of the hyold bone. In this situation flat fasciculi of 
non-striated muscle fibers occur which connect the isthmus with the thyreoid cartilage or the 
hyoid bone and are known as the levator glandulce thyreoidece. 

The lateral lobes of the thyreoid gland extend upward and backward ; they lie upon the lateral 
portions of the laminae of the thyreoid cartilage and their margins extend to the lateral pharyngeal 
walls. They are more voluminous and thicker than the isthmus, and their height is about twice 
their breadth; they are irregularly ellipsoidal in shape, their lateral surfaces being markedly 
convex and their internal ones somewhat flattened. 

The thyreoid gland is surrounded by a fibrous capsule which is also attached to the tracheal 
skeleton (suspensory ligaments of the thyreoid gland), and within this capsule the individual 
lobules of the gland are separated from each other by fasciculi of connective tissue. According 
to their degree of distention with their secretion of colloid material they appear upon cross-section 
as vesicles of varying size. 

One or two pairs of small, accessory thyreoid glands (parcUhyreoids) occur on the posterior 
surface of the lobes, and the isthmus, or still more often the pyramidal lobe, may appear as an 
accessory gland, since the connections of either of these structures with the lateral lobes may be 
lost. Indeed, both of these portions of the gland are subject to great individual variation. In 
addition another pair of small accessory thyreoids (parathyreoids) occur rather constantly at the 
lower margins of the lateral lobes beside the inferior thyreoid artery, and are about the size of a 
lentil. The median suprahyoid accessory thyreoid, which is a single structure situated above 
the body of the hyoid bone, may be regarded as an incompletely developed pyramidal lobe. 

The thyreoid gland receives four large arteries, the superior thyreoids from the external carotids and the larger 
inferior thyreoids from the subclavians. In rare instances they receive a fifth artery, the thyreoid ea ima. The superior 
thyreoid veins pass to the internal jugular, and the inferior thyreoid veins form the plexus thyreoideus impar, which is 
situated at the lower margin of the gland and empties by means of the vena thyreoidea ima and other vessels into the left 
innominate vein. The lymphatics of the thyreoid gland are very numerous; some pass to the small lymphatic glands in 
the immediate vicinity, some to the inferior deep cervical lymphatic glands, and others (from the isthmus) empty into the 
anterior mediastinal glands. 

The thyreoid gland is developed from three rudiments, one single and two paired. The former arises as a diver- 
ticulum behind the tubcrculum impar (see page 37), and during the development of the tongue it gradually becomes 
constrictcfi from its conneclion, so that the original excretory duct, the ductus thyrcoglossuSy is obliterated up to the foramen 
■c.Tcum and the lingual duct (see page 34). [This median forerunner of the thyreoid gives rise to the isthmus and lobes of 
the gland anfl is joined by paired lateral diverticula from the epithelium of the fourth pair of pharyngeal pouches which 
form the parathyreoids, the lower parathyreoids being formed from similar diverticula from the third pair of pouches. — Ed.] 



THE THYMUS GLAND. 



THE THYHUS GLAND.* 

The thymus gland {Figs. 451 to 453), like the thyreoid, holds only a topographic relation to 
the respiratory tract- It is an organ which reaches its highest development during childhood and 
subsequently undergoes retrograde changes, so that it is almost entirely absent in adult life. At 
its first formation it resembles a true epithelial gland, but soon loses these characteristics and 
becomes a lymphoid structure, which is long and flat, and consists of two lobes, usually completely 
separated by connective tissue. Both lobes are in contact for a certain distance along their 
internal margins; they are very irregularly shaped, exhibiting deep notches which may be so 
extensive as to divide one of the lobes into 
a number of completely separated segments. 
The upper extremities of the lobes are usually 
pointed, while the thicker inferior extremities 
are only slightly narrower than the middle 
portion of the gland. 

The lobes are usually unequal in size, 
the right being frequently the larger, although 
the reverse condition may obtain. They arc 
further subdivided into small oblong areas or 
lobules which are surrounded by connective 
tissue, and are connected by narrow bridges 
of tissue with a common thread-like column, 
the central tract. 

The gland is about twice as long as it 
is broad, and, with the exception of the middle 
broadest portion, it is flat. It is situated in 
the upper part of the anterior mediastinum, 
between its two lamina (see page 109), behind 
the manubium and the upper portion of the 
gladiolus, and in front of the anlerior surface 
of the pericardium, the innominate veins 
(particularly the left), and the aortic arch and 

its branches. The upper extremities of the lobes of the thymus often pass upward into the 
neck, occasionally extending as far as the thyreoid gland, in which case they are situated behind 
the stemothyreoidci and stemohyoidei. The size and development of the gland are subject to 
great variation. 

The thymus gland is rather soft ; it is grayish-red in color and is usually quite pale on account 
of its poor blood-supply. 

Until the second year the thymus enlarges and keeps pace with the general growth of the 
body. From the third to the fourteenth year it remains stationary, and then gradually undergoes 
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Fig. 453.— The thymus gland of a Iwo-year-old child si 
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FtG. 455. — FtoquI Kctico of ihc tbondc sad alidoeuBil ca.Titic£, seen tnm behind. 
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a rclrogradc metamorphosis, gradually bccomins penetrated by fa!ty tissue which linallr FT* 
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THE MEDIASTINUM AND THE PLEURA. IO9 

The thymic arteries come chiefly from the internal mammary, although some are supplied by the inferior thyreoid. 
Most of the thymic veins empty into the left innominate; the lymphatics drain into the neighboring anterior mediastinal 
glands; and the ner\'es are derived from the sympathetic. 

The first rudiments of the thymus are epithelial and arise from the third pharj'ngeal pouches similarly to the parathy- 
reoid bodies. The diverticula s(X)n become constricted from their origins, so that even when an epithelial structure the 
thymus assumes the characteristic of a ductless gland. This stage is followed by the metamorphosis of the epithelial 
rudiment into a lymphoid organ, a change for which no explanation has as yet been furnished. 



THE MEDIASTINUM AND THE PLEURA. 

The heart is usually considered as a viscus of the thoracic cavitv, since it is situated within 
the pericardium and takes up a considerable portion of the thoracic space. In addition the 
thoracic cavity also contains the following viscera: the thoracic portion of the trachea and its 
ramifications, the two lungs, the thoracic ix)rtion of the oesophagus, the thymus gland, and a large 
number of vessels and nerves.* 

The space within the thoracic cavity and its soft parts practically corresponds to that defined 
by the bony thora.x (see Vol. I, page t^^)\ it communicates directly with the neck by means of the 
superior thoracic aperture, through which certain thoracic viscera, such as the apices of the lungs, 
protrude. Its floor is formed by the diaphragm (see Vol. I, page 164), the contraction and relax- 
tion of which exerts no inconsiderable influence uix)n the shape of the cavity, and its inner surface 
is formed by the bones of the thorax, the intercostal muscles, the transversus thoracis, longi colli, 
and the diaphragm, and is lined throughout by the endothoracic fascia. Within it are situatcni 
three separate serous cavities, the single pericardial cavity (see page 181) and the two (paired) 
pleural cavities. 

Each lung lies in its own serous sac, former! by the pleura^ the visceral layer of which covers the 
entire pulmonary surface, with the exception of the hilus (see page 103). The visceral layer 
is firmly adherent to the substance of the lung, and both in inspiration and in expiration is closely 
applied to the parietal layer, so that the pleural cavity is nothing more than a capillar)' space. 
The two pleural cavities are separated from each other by a broad median partition known as 
the mediaslinal septum or the mcdiasiinum (Fig. 456), and the heart, situated within the peri- 
cardium, divides the mediastinal space into two cavities, the anterior mediastinum, situated 
anteriorly, and the posterior mediastinum^ situated |)osteriorly (Figs. 457 and 458). Neither of 
these cavities are actual spaces, since they are filled by the thoracic viscera, vessels, and nerves: 
they are continuous alx)ve the heart and are limited by those portions of the parietal pleune which 
are known as the mediastinal lamimc. 

The anterior mediastinum is the smaller of the two and is bounded anteriorly chiefl}' by the 
sternum; it is narrowest lx)th in the sagittal and transverse directions behind the upper extremity 
of the gladiolus, since the two media>linal lamina* are in contact in this situation immediately 
behind the lx)ne, but suixTiorly and especially inferiorly it is broader, as the two mediastinal 
laminie diverge so that the jK'ricardium is uncovered by the ])leura behind the lower iX)rtion of 
the gladiolus and the fifth and sixth costal cartilages. The mediastinal septum is consequently 

♦ .\ dftaile<i account of these vessels and nerves will 1h* found in the sections u|K)n .\ngiolog}' and Neurology, as 
well as in the tcxt-lxMiks and atlases of topographic anatomy. 
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obliquely placed and its lower portion extends for a considerable distance to the left. The 
anterior mediastinum attains a considerable sagittal diameter only behind the manubrium, the 
remaining cavity being Med by loose areolar tissue; the upper portion, however, contains the 
thymus gland, or rather fatty tissue surrounding the remains of the thymus, the internal mam- 
mary vessels, and the sternal and anterior mediastinal lymphatic glands. 

The posterior mediastinum is bounded posteriorly by the vertebral column, anteriorly by 
the heart or pericardium, and lateral^ by the posterior mediastinal laminae. It is much more 
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capacious than the anterior mcdiaslinum and contains the following structures (Figs. 457, 45S, 
and 460): the ccsophagus with the vagus nerves forming the oesophageal plexus; the thoracic 
descending aorta; to the right of these the vena az}'gos, which in the upper portion of the 
mcdiaslinum passes about the root of the right lung to empty into the superior vena cava; 
to the left of and behind the aorta, the vena hemiazygos; and immediately in front of the 
vertebral column the thoracic duct, the posterior mediastinal lymphatic glands, and the 
splanchnic nerves. 

The upper portion oj the mediastinum (Figs. 456 and 459), which is not divided by the j>eri- 
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cardium into an anterior ami a posterior cavity, contains the upper portion of the thoracic 
cesophagus, the trachea and its bifurcation, the arch of the aorta and its branches, the superior 
vena cava with the terminal portions of the vena azygos and the innominate \'eins, the pulmonary 
arteries and a small portion of the pulmonary veins, and ihc bronchial lymphalic glands. 

The pleural cavities which arc separated by the mediastinum are riesignated as the right and 
left pleural cavities. Corresponding to the variations in the shape of llic lungs and to the oblique 
position of the heart, ibcy differ in their size and shape, although Ihey are similarly formed. The 
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parietiil pleura is diflcrentiali-d into a number of i>orlions which arc named according to the part 
of the thoracic boundary with which they are in contact. That (wrtion which lines the inner 
surface of the ribs and intercostal muscles and forma the lateral wall of the pleural cavity is desig- 
nated as the costal pleura (Figs. 456 and 457); the lloor of the cavity is formed by the diaphrag- 
malic pleura (Figs. 455 and 456), which lies upon the diaphragm; the su[X'rior extremity of the 
cavity which projects beyond the superior thoracic aperture is called the (/omc «/ /Ac pifura (Figs. 
431 J 453i and 455) ; and its inner wall is formed by the mediastinal plcuru {Fig, 456), which is further 
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Fig. 459. — Transverse sedion of the thorax at the level of the fourth thoracic vertebra. 

FlG. 460. — ^Transverse section of the thorax at the level of the nipples. 

Fig. 461. — The left pleural cavity. 

Fig. 462. — The right pleural cavity. 
In the Ust two figures the libs together with the clavicle have been removed, and with them the lateral mil of 
the pleural cavity. The limp have been cut away close to the hjlus, so that one looks into the pleural cavitj' 
on the parietal pleura. 
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subdivided into the anterior and posterior mediastinal lamina and the pericardiac pleura (in contact 
with the jjcricardium) (Fig. 457). Within the limils of the mediastinal pleura the parietal and 
viscfnil layers become continuous in two situations. The first of these is at the pulmonary hilus, 
where the pericardiac pleura loosely envelops the vessels and bronchi of the root of the lung and 
passes to the surface of the viscus, and the second is in the region of the pulmonary ligament, a 
duplicalure of the mediastinal pleura which commences as an immediate prolongation from the 
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pulmonary hilus and extends downward almost to the inferior margin of the lung and to the 
diaphragmatic pleura. It usually terminates by a free margin just above the diaphragm. In 
contrast to the separation of the layers at the pulmonar}' hilus, the anterior and posterior layers 
of the pulmonar\' ligament are in immediate contact. 

In those situations where the individual jx)rtions of the parietal pleura pass into each other 
at an angle, capillar}- spaces are formed in which the sharp pulmonar}- borders (anterior and 
lower) penetrate during inspiration, although even during the deepest inspiration the lung cannot 
be made to entirely fill them. They are known as the pleural sinuses. The phrenicocostal 
sinus (Figs. 413, 454, and 455) is situated between the costal and the diaphragmatic pleurae, which 
are in contact for quite a distance during expiration, but as a result of the contraction of the 
diaphragm during inspiration they are partly separated by the descending inferior margin of 
the lung. 

In a similar manner the anterior mediastinal and the costal pleurae form the costoMediastinal 
sinus (Figs. 457 and 460), the lower portion of which is particularly well developc*d. It is not so 
acute as the phrenicocostal sinus and is usually entirely filled during inspiration by the anterior 
margin of the lung. In its neighl)orhood not infrequently lobules of fat enveloped in pleura, the 
adipose joldsy occur, and they may present villous appendages which are termed pleural villi. 

The pleural limits in general corrt^ix)nd with those of the lung in the state of dt^epest inspira- 
tion, but the inferior pleural boundar}- extends somewhat lower because the phrenicocostal sinus 
is not entirely filled by the lung. During inspiration the lower border of the lungs is situated 
posteriorly at the eleventh rib, which is one rib higher than the pleura; during expiration it is 
5 or 6 cm. above the inferior pleural limit. The dome of the pleura, like the apex of the lung, 
is considerably above the clavicle and is situatwl opix)site to the neck of the first rib in the con- 
cavity of the arch of the subclavian arter}' (Fig. 455). The right mediastinal pleura almost 
exactly follows the right anterior pulmonary- border and frequently passes beyond the middle line 
behind the sternum, so that the area of contact of the two mediastinal pleurae is frequently situated 
at the left sternal margin, but the left mediastinal i)leura usually extends only to the left sternal 
margin, from which it deviates laterally in the region of the fifth or sixth cartilage, so that the 
pericardium is uncovered by the pleura in this situation and is in immediate contact with the 
anterior thoracic wall. In the upper portion of the thoracic cavity the maliastinal pleura loosely 
invents the thymus gland or its remains, the large vessels situated alx)ve the heart, especially the 
aortic arch and its branches (particularly the subcla\ian artery), the innominate veins, the origin 
of the superior vena cava and the ui)i)er i)ortion of the vrna azygos, and the trachra and its 
bifurcation (Fig. 45()). In the lower jxirtion of the thoracic cavity it is in contact with all the 
lateral and part of the anterior surface of the pericardium, with the overlying phrenic nerves and 
sui)erior [)hrenic arteries; behind tlie heart with the thoracic aorta, the thoracic |K)rtion of the 
(Tsophagus, and the vagus nerves: upon the rii^'lit with the vena a/ygos, ujxm the left with the vena 
hemiazygos, and upon \iO\h >ides with the ^j»lanehnic nerves I'Fig. 4O0). W'liile the mediastinal 
becomes the costal pleura at an acute ani^'le anteriorly, tlie tran>ition posteriorly is quite gradual 
and is situated upon the lateral surface> of the \(rtei)ral i)()(lies. 

The diaphragmatic pleura is firmly attached to liie uj»per >urfa(e of the diaphragm and 
becomes continuous with the costal i>leura as it forms the phrenii(K<)>ial >inus. The junction 
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of the two layers is situated at the lower margin of the sixth costal cartilage in the sternal line; 
it then crosses the costochondral articulation of the seventh rib, the eighth, ninth, and tenth ribs, 
and runs to the twelfth thoracic vertebra approximately parallel to the twelfth rib. 

The costal pleura lies immediately upon the ribs and the intcrcostales intemi, posterioriy upon 
the subcostales and intercostales extemi, and is partly in contact with the intercostal vessels and 
nerves (in the situation where the intercostales intemi are absent) and with the main trunk of the 
sympathetic. 

The Urogenital Apparatus. 

The urogenital apparatus (Figs. 463 and 464) is composed of two separate systems of viscera, 
the urinary organs (organa uropoieiica) and the sexual oi^ans {organa genitalia). Both systems 
are intimately associated not only on account of their common method of development but 
also because, in the male subject at least, they utilize in part the same excretory passages. In 




of the urogcnilal apparatus with the intestinal tract in a tno months' em biyo (after a model hy 
Keibel). 

the female, however, the completely developed urinary oi^ans arc entirely independent of the 
genital viscera. The Wolffian bodies, which function but a relatively short time in the human 
subject (sec page 126), hold much more intimate relations to the sexual apparatus than to the 
permanent urinary viscera, while the only connection between the permanent urinary and sexual 
organs is found in their common exits at the urogenital sinus (see page 127). 

THE URINARY ORGANS (ORGANA UROPOIEnCA). 

The urinary organs (Figs. 463 and 464) consist of the paired glands, the kidneys, and of 
their excretory passages. The laller commence in the interior of each kidney as a dilatation 
known as the renal pelvis, which is continuous wiih a long narrow canal, the ureter, and both 
ureters empty into the urinary hladiUr, from which the urine is discharged externally by the urethra. 



THE URINARY ORGANS. II7 

With the exception of the latter structure, which exhibits sexual differences, the urinary organs 
are practically the same in the male as in the female. The female urethra has, however, no rela- 
tion with the genital tract and serves only as a urinary passage, while all of the male urethra, 
except the very small uppermost portion homologus to the female structure (see page 127), serves 
both as a urinary and a genital passage and represents the markedly elongated urogenital sinus. 
The slight differences which occur, for example, in the urinary bladder in the two sexes are 
essentially due to its relation with the differently shaped sexual viscera. 

THE KIDNEYS (RENES). 

The kidneys (Figs. 393, 413, 417 and 466 to 473) are two paired bean-shaped glands situated 
upon the anterior surface of the posterior abdominal waU. In each there may be recognized an 
anterior and a posterior surface, both of which are convex, although the former is more markedly 
so than the latter. The rounded ends of the kidneys are the superior and the inferior, the superior 
extremity, upon which is placed the suprarenal body, being usually somewhat broader and flatter 
than the inferior. The borders are medial and lateral and both are markedly rounded; the 
lateral border is convex and the medial concave, the concavity forming the renal hilus. 

The surface (Figs. 466 to 469) of the kidney, which is in general smooth and evenly curved, 
exhibits slight and frequently indistinct impressions produced by the adjacent viscera, but owing 
to the firmness of the renal tissue these are not so pronounced as are those of the liver and spleen. 
The posterior surface of each kidney is in contact with the underlying quadratus lumborum, which 
produces a flattening known as the muscular impression (Fig. 467); the anterior surface of the 
right kidney presents an impression from the liver, which is usually indistinct and is designated 
as the hepatic impression (Fig. 468) ; and the same surface of the left kidney is in relation with 
the pancreas and the spleen (Fig. 393), and exhibits the splenic impression (Fig. 469). 

The adult kidneys are usually smooth or show but faint indications of the lobulation which is 
markedly characteristic of the fetal structure and still quite distinct in the viscus of the newborn 
(Figs. 471 and 472). Both kidneys are approximately of the same size and shape, although the 
left one is frequently larger, although narrower and longer, than the right; these differences, 
however, are subject to marked individual variation, as is also the shape and position of the organ 
in general. In very rare instances the two kidneys are almost exactly alike. The dimensions of 
the organs vary considerably, but they are usually about 10 to 12 cm. long, 5 to 6 cm. wide, and 
3 to 4 cm. thick. 

The two kidneys are situated upon the posterior abdominal wall in such a manner that their 
superior extremities converge at an acute angle; the inferior extremities are about twice as far 
from the median line as are the superior (Fig. 413). The vertical plane which bisects the kidney 
is obliquely placed between the frontal and sagittal planes, biit it is somewhat nearer the former. 
The left kidney is usually situated at a somewhat higher level than the right and it is frequently 
longer. 

The kidneys are situated in the lumbar region. The superior extremity usually corresponds 
to the upper margin of the twelfth thoracic vertebra, the inferior to the upper margin of the third 
lumbar, and the viscus consequently extends the length of three lumbar vertebrae (and of the three 
intervertebral discs). Not infrequently the right kidney extends downward to the lower margin 
of the body of the third lumbar vertebra, while the left may extend upward to the lower margin 
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Fig. 466. — The left kidney seen from behind. 

Fig. 467. — The right kidney seen from behind. 

Fig. 468. — ^The right kidney seen from in front. 

Fig. 469. — The left kidney seen from in front. 

Fig. 470. — ^The kidney with its fibrous capsule divided by a frontal section. 

Fig. 471. — Kidney of a child showing distinct lobulation. 

Fig. 472. — The kidneys and suprarenal bodies of an advanced fetus. 

Fig. 473. — ^The renal pelvis and sinus laid open by a frontal section. 

The vessels and fat tissue of the sinus have been removed. 



of the eleventh thoracic vertebra. The twelfth rib passes obliquely somewhat above the middle 
of the kidney, dividing it into two "unequal halves." 

The kidney, together with the suprarenal body to which it is attached by a layer of connective 
tissue, is surrounded by an adipose capsule which is quite marked in the adult and almost entirely 
absent in the newborn. It is more marked upon the lateral and posterior surfaces than upon the 
anterior, and frequently attains quite a considerable thickness. Only the anterior surface of the 
kidney is invested by peritoneum, which in the adult is but loosely attached, being separated from 
the adipose capsule by areolar tissue. The peritoneal covering of the left kidney is derived partly 
from the bursa omentalis. 

The superior extremity and a portion of the internal margin of the kidney are in immediate 
contact with the suprarenal body; the remaining portions are separated from the contiguous 
viscera by the adipose capsule and the peritoneum. The posterior surface is in front of the 
quadratus lumborum and the crura of the diaphragm (Fig. 413). The anterior surface of the 
right kidney is in relation with the lower surface of the right lobe of the liver (impressio renalis), 
the descending portion of the duodenum, and the ascending colon; the corresponding surface 
of the left kidney borders upon the spleen (facies renalis), the tail of the pancreas (indirectly upon 
the stomach), and the descending colon or the splenic flexure. The internal margin of each 
kidney is in relation with the outer border of the psoas major. 

The markedly concave depression in the middle of the internal border of the kidney, which 
is termed the hiluSy appears like an irregular longitudinal fissure, and gives entrance to the arteries 
and exit to the veins and ureter (Figs. 466 to 470). The latter is the most posterior and inferior 
structure in the hilus; the vessels are situated superiorly, the artery being behind and the vein in 
front. The hilus leads into the renal sinus (Figs. 470 and 473), a space which is almost entirely 
surrounded by renal tissue. It opens externally through the hilus and contains an abundance 
of fatty tissue (Fig. 470), the ramifications of the vessels and the commencement of the ureter, the 
calyces and renal pelvis. It corresponds to the kidney in shape, is placed like this viscus almost 
in the frontal plane, and is markedly flattened from before backward. 

The surface of the actual renal tissue is enveloped by a rather thin fibrous capsule (Fig. 470), 
which may be readily pulled away from the renal parenchyma, being separated from it by loose con- 
nective tissue containing a small quantity of involuntary muscle, the muscular capsule of the kidney.* 

* This muscular capsule is very thin except at the bases of the renal papillcE, where it is thickened and is known 
as the sphincter papilla;. 
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The renal parenchyma is difTerentiated into the cortex and the medulla (Figs. 470 and 473). 
The cortex contains the majority of the convoluted tubules, is more vascular and consequently 
usually redder than the medulla, and forms the entire surface and by far the greater portion of the 
bulk of the kidney. 

The medulla is less vascular, {)aler, grayish-red or grayish-yellow, and distinctly striated; 
it contains the majority of the straight urinar}- tubules and forms the so-called renal pyramids 
(Figs. 470 and 473), large conical structures, the bases of which are directly continuous with the 
cortex. The line of junction of the cortex and medulla is usually bright red in a fresh section of 
kidney, because numerous small vessels pursue a parallel course in this situation. 

The ai)ices of the renal pyramids are called renal papillae (Figs. 470 and 473) and are directed 
toward the renal sinus, into which they project as broad, ])ointed, and frequently flattened cones. 
One renal papilla usually corresjKjnds to several renal pyramids, the apices of which have become 
fused together. In the human kidney the papilke vary between seven and twelve in number, 
while the pyramids var\' Ix'tween fifteen and twenty. Upon the apex of each papilla are found 
the excretory orifices of the terminal ])ortions of the straight urinary tubules, which are kno>\Ti as 
the papillary ducts. These orifices are termed papillary foramina and are barely visible to the 
naked eye; they varj- in number from fifteen to twenty on each papilla and the area which they 
occupy is known as the area cribrosa (cribrum benedictum). 

Certain portions of the cortex also extend to the renal sinus between the bases of the renal 
pyramids, appearing in cross-section as columns of cortical tissue pushed in between the renal 
pyramids; they are known as the renal columns (columns 0} Bertini) (Figs. 470 and 473). Be- 
tween them and the pyramids may be seen the larger branches of the renal vessels as they make 
their entrance from or exit into the renal hilus. 

Each pyramid corresponds to a i)ortion of the cortex which is designated as a cortical lobule 
{renculus), and while in the adult kidney the neighlx)ring cortical lobulc*s are directly continuous, 
in the fetal organ they are distinctly separated and produce the characteristic lobulation (Fig. 472). 
In each cortical lobule there may be recognized a radiated and a convoluted portion, the latter 
containing the glomeruli, which are frecjuently visible to the naked eye as fine red points when the 
kidney is congested. 

The svstem of excretor\' renal ducts, which terminates in the bladder bv means of the ureter, 
commences in the renal sinus as the renal calyces (Figs. 470 and 473). These are rather thin- 
walled, flattened, cylindrical tubes which are attached at one end to the lateral margiiis of the 
renal papilla* and at the other communicate with the renal pelvis, a dilatation of the ureter situated 
within the renal sinus. Several calyces usually unite before reaching the renal ])elvis (Fig. 477), 
so that greater and lesser calyces may be distinguished, the latter surrounding the renal ])apilL'e 
in such a manner that the tij) of the papilla |)r()jects into a somewhat dilated portion of the calyx, 
and the urine discharged from the papillary foramina is consecjuently ])Oun-d directly into the 
renal calyx. The epithelium of the calyx is ( ontinuous with that covering thr apex of the papilla. 

The number of lesser calyces u>ually corresi)on(ls to that of the papilhe (seven to twelve), 
but the greater calyces vary greatly in number, two or three sometimes forming the entire renal 
pelvis, while fre(|Uently four or five of dilTerent sizes unite to form the common cavity. 

The renal pelvis (Figs. 473 and 477) is a short, flattened, funnel-shaped, thin- walled ^xHs^fc.^ 
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the greater portion of which is situated within the renal sinus. Its apex is at the hilus and passes 
into the ureter without demarcation, while the broad end of the funnel is continuous with the 
calyces. The walls of the calyces, of the pelvis, and of the ureter are of similar structure. 

The renal arteries are branches of the abdominal aorta. This diminishes considerably in caliber after giving off 
these vessels, which are usually large in comparison with the size of the kidney. Not infrequently the renal artery is double, 
or accessory vessels enter the viscus usually outside of the hilus. 

The renal veins are correspondingly large, and empty into the inferior vena cava. The l3miphatic vessels pass to 
the lumbar trunks, and the nerves are derived from the sympathetic and enter the organ with the arteries. 

THE URETER. 

The ureter (Figs. 413, 477 to 481, and 498 to 500) is a paired, approximately cylindrical 
canal, which when empty is markedly flattened from before backward. It is the continuation 
of the renal pelvis, commencing at the hilus and terminating by emptying into the postero-inferior 
portion of the bladder. Two portions may be recognized in it: (i) an abdominal portiotiy situated 
in the abdominal cavity, and (2) a pelvic portion^ situated in the true pelvis. The length of the 
entire ureter is about 30 cm. 

In their course from the hilus to the bladder the abdominal portions of both ureters converge 
(Fig. 413). They are situated behind the parietal peritoneum upon the anterior surface of the 
psoas major, and arc crosscnl at an acute angle by the overlying internal spermatic vessels. At the 
junction of the true and the false pelvis each ureter crosses the common iliac or more rarelv the 
external iliac vessels, being situated in front of these structures, and just before this crossing it 
presents a rather marked fusiform dilatation, while at its exit from the renal pelvis it is usuallv 
distinctlv constricted. 

The pelvic portion of the ureter follows the general curvature of the wall of the true pdm 
and there is a distinct angulation at its junction with the abdominal portion. It usuallv com- 
mcncc's with a slight constriction, which follows immediately u\K>n the marked dilatation of the 
lower {)art of the abdominal ]){)rtion. 

Corrcs])on(lin.i^ to the difference in the contents of the true pelvis in the male and female the 
ureter has di lie rent relations in the two sexes. In the male the course of the pelvic r)ortion i? 
relatively simple. It is covered by the ])arietal ])eritoneum and runs in front of the internal iliac 
artery to the lateral portion of the j)Osteri()r wall of the bladder, where it crosses the vas deferens 
in such a manner that it is situated {)ostiTior and external to this structure (Figs. 478, 480, and 
481). 

In the female it is intimately related to the .i^enital a|)])aratus (Figs. 498 to 503). It is situatt^ti 
in the base of the i)r()a(l li,L^ami'nt (see ])aL.^e 77 ), first alon.u:side the cervix of the uterus and thtc 
for a distance of i to 1.5 cm. aloni^ the anterior vai^inal wall before it enters the bladder. It i? 
also only a few centimeters from the free mari^n'n of the ovary. 

When em])ty the urtter i> collapsed, since its walls are thin and yielding, but it is capable 
of <i;real dilatation. Its wall consists of a mucous coat, of a muscular coat of three layers (internal 
middle, external), and of a t'lbrous (oat.' 

The arteries for the renal ])elvis are furnished l)y the renal, those for the abdominal portioo 

* Hi'fori- tht' ur«-trr cnur-. the w.ill of tin l)l.i'l<!rr ii receive- a .-h(»ri nui^rular sheath from the vesical Wmll tlici*^ 
calk'd uretcriil slicath. tlu- iM)nii)n invoird l>y ilu- ^lu'.ith hcin^ irmu'<l llu- extramural portion. 
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of the ureter by the internal spermatic, and those for the pelvic portion by the middle hemor- 
rhoidal or the inferior vesical. The lymphatic vessels are not well known and probably pass to 
the lumbar trunks. The nerves are supplied by the sympathetic. 

THE URINARY BLADDER (VESICA URINARIA). 

The urinary bladder (Figs. 413, 476, 478 to 483, and 498 to 503) is a sack-like dilatation of 
the urinary passages which serves as a collecting reservoir, the size and shape of which is depen- 
dent upon the degree of distention. Three chief portions may be recognized in it: the middle 
and larger portion of the bladder is the body (Fig. 478); the upper portion, which is distinctly 
pointed, especially in the newborn, is the vertex; and the lowermost portion, directed toward the 
perineum, is called the jundus (Fig. 479). 

The shape of the bladder and the thickness of its wall vary with the amount of contained 
fluid, and its shape is also subject to certain sexual and individual variations. The full bladder is 
ellipsoidal or ovoid, and in the female particularly is frequently markedly flattened from before 
backward. The empty bladder is irregularly spherical and flattened from above downward, 
and in the female is frequently indented by the overlying and anteverted body of the uterus (see 
page 149). In the child the full bladder is often pear-shaped rather than ovoid. 

The middle umbilical ligament (Figs. 413, 476, and 479) is attached to the vertex of the bladder 
and in the adult is a fibrous cord which gradually disappears upon the slightly pointed vertex. 
It represents an obliterated embryonic canal, known as the urachus (see page 126), the vesical 
extremity of which is usually still patulous in the newborn. It passes upward to the umbilicus 
upon the anterior abdominal wall and is situated in front of the peritoneum (see page 81) (Fig. 
412). Two lateral fibrous cords also nm to the umbilicus from the lateral walls of the bladder 
(Fig. 412); they are known as the lateral umbilical ligaments and are the remains of the obliterated 
hypogastric arteries. In the adult they gradually disappear at the umbilicus, where they join the 
middle umbilical ligament at an acute angle, forming with it the foveae supravesicales (see 
page 81). 

The bladder is situated in the anterior portion of the pelvic cavity behind the pubic symphj'sis 
(Figs. 480 and 481). Its axis is not vertical but approximately parallel to that of the pubic sym- 
physis, passing obliquely from before backward and from above downward. When empty the 
vertex docs not project above the symphysis, although when strongly distended it may extend far 
above this point. The anterior vesical wall consequently borders upon the anterior pelvic wall, 
and upon the ix)sterior surface of the anterior aMominal wall when the bladder is full, and the 
lateral surfaces of the empty or slightly filled bladder are in relation with the lateral walls of the 
pelvis. In the female (Figs. 500 to 503) the ix)sterior surface is in contact with the uterus and 
the upper portion of the vagina, while in the male (Figs. 478, 480, and 481) it is in relation with 
the seminal vesicles and the vasa deferentia (particularly the ampulhe) and with the rectum (when 
the bladder is distendc^l) or the intestinal roils lying in the rectovesical |>ouch (see page 55).* 
When the bladder is full the fundus is almost horizontal, but when the bladder is empty it slants 
obliquely forward and from above downward. Together with the lower i)ortion of the posterior 

♦ In the female, however, the posterior wall of the bhuhlcr even when empty is always in relation with the uterus 
since the vestco-uterine pouch b always empty when the position of the uterus is normal. 



123 ATLAS AND TEXT-BOOK OP HUKAN ANATQIIY. 

Fig. 474. — Right suprarenal gland seen from in front. 
Fig. 475. — Left suprarenal gland seen from jn front. 
Fig. 476.— The urinary bladder and prostate seen from in front. 

The structures have been Uid open bj » lao^tudiiwl Kctlon, and the Intolv s< the bhiUer fiiilliii I n i uml lij 1 
hoiiioatal slit. 

Fig. 477. — Cast of the pelvis of the kidn^. 

Fig. 478. — ^The urinary bladder with the seminal vesicles, the ampullc of ^ vua delcmitia and l^ 

prostate seen from behirul and below. The prostate is putly divided kmgitudiiiallf. 
Fig. 479. — The urinary bladder and prostate seen from behind. The superficial musculfttme tk tb 

bladder has been removed. 

surface it is also partly in relation with the anterior wall of the Tectum, bdng in immediate con- 
tact with it below, but separated from it above by the lowennost porti(Hi d die rectoveucal fold. 
In the male the fundus is intimately adherent to the prostate (Fig. 479] (see page 135), by means 
of which it is attached to the pelvic floor; in the female (Figs. 500 to 503) It lies upon the middk 
portion of the anterior vaginal wall. The deepest point of the fundus is the site' of the intenii) 
orifice of the urethra, which, corresponding to the obUque po^tiam of the Tesicsl axis, is situated 
several centimeters behind the symphysis and is attadied to the g^vic floor hy the ungoiitil 
trigone and in the male also by the prostate. 

The urinary bladder possesses three openings (Fig. 476), the two orifices 0/ tht nreiers and 
the inlernol orifice oj Ike urethra. All three openings are within i or z cm. of each other in the 
region of the fundus, the urethral orifice being at the lowest point of the bladder and the orifittS 
of the ureters in the lower portion of the posterior vesical wall. The ureters pass through Ihr 
wall quite obliquely, and in so doing form a fold of mucous membrane, known as the urrirtK 
jolil, which, since the ureters are directed toward each other during their course Ihroujrh. 'Ji-. 
\'esical wall, are correspondingly convergent. Continuations of these folds pass from the orifices 
of the ureters toward the internal orifice of the urethra, where they gradually disappear, and the 
orifices of the ureters are connected bj' a low, transverse, slightly curved fold, which is also a 
continuation of the ureteric fold, so that an approximately equilateral triangle is formed, the thret 
Vesical o])enings beinf^ situated at its angles, its base being directed posterioriy (and above), and 
the apex anteriorly and below {the internal urethral orifice). This trian^ is characterized bv 
the smoothness of its mucous membrane even when the bladder is empty, and is termed the 
vesical Irigonc (triangle of T.ieutaud).* The orifices of the ureters are obliquely placed sUt-like 
openings u|H>n the ureteric folds of the vesical mucous membrane. 

Near the a])ex of the vesical trigone there is usually an independent longitudinal elei'atioii 
which extends to the internal urethral orifice and is known as the uvula of the bladder; it project; 
into the urethral orifice from behind, so that this '>pening is semilunar in shape. 

The vesical wall consists of a mucous coat, of a muscular coat, and of a serous coat. The 
last named coat is not present in all parts of the viscus, but invests only the upper surface of tht 
bladder as far as the vertex and the up|jor part of the lateral surfaces; at the posterior surface tht 
peritoneum is rcflcctf<l to the rectum in the male (Fig. 481) and to the vesical surface of the uterus 

* The pnnicin of ihi: tilnrlilc-r ^o^tl;^Ill>lltlinR 10 thu vL-sicnl trigone together with the uielhial orifice «iMf the mini 
wall altache<l to the pnisialc is also 1 
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in the female (Fig. 502). It attains the lowest level in the male between the ampullae of the vasa 
deferent ia (see page 134). The peritoneum is but loosely attached to the lateral portions of the 
bladder, but at the middle segment of the viscus it is rather firmly adherent. The anterior wall, 
the lower portions of the lateral walls, and the fundus of the bladder have no serous covering 
whatever, and between the posterior surface of the symphysis and the anterior surface of the blad- 
der the prevesical space, which is filled chiefly by loose fatty tissue, is situated. 

The entire surface of the bladder is covered by a layer of fascia, which rests upon the external 
muscular layer and forms the outer coat of the bladder in those situations which are uncovered 
by peritoneum. It is a portion of the visceral layer of the pelvic fascia (see page 162). 

The muscular coat (Figs. 478 and 479) is quite thick (about i cm.) when the viscus is empty, 
but when it is distended the muscular fasciculi become markedly separated. It consists of three 
layers. The outer layer (Fig. 478) consists essentially of longitudinal fibers and is reinforced by 
two muscular fasciculi which connect the bladder with surrounding structures. Of these the 
m, puhovesicalis passes from the posterior surface of the pubis near the symphysis and from the 
anterior extremity of the tendinous arch of the pelvic fascia (the "white line'*) to the fundus of 
the bladder; it is a constituent of the puboprostatic ligament in the male and of the pubovesical 
ligament in the female (see page 136). The w. rectovesicalis is present only in the male; it 
connects the longitudinal musculature of the rectum with the outer layer of the muscular coat of 
the bladder, and runs in the peritoneal fold of the same name (see page 84). 

The middle layer (Fig. 479) is the strongest of the three muscular coats, and consists of a 
fairly continuous stratum of circular fibers which are oblique in the upper and exactly transverse 
in the lower portion of the bladder. A thickening of this layer at the internal orifice of the 
urethra forms what is termed the urethral annulus and serves as a m. sphincter vesicce. 

The internal layer forms a wide-meshed muscular reticulum, the majority of the fibers pur- 
suing a longitudinal direction. It is situated immediately beneath the mucous membrane. 

The musculature of the ureter remains independent even within the wall of the bladder (the 
intramural portion of the ureter), and is characterized by strong longitudinal fasciculi which 
penetrate the muscular layers of the bladder obliquely and become lost in the thick muscular wall 
of the vesical trigone. The ureter penetrates the vesical wall at such an acute angle that it is 
surrounded by it for i to 2 cm. according to the degree of vesical distention, and it retains its 
fibrous coat almost until it reaches the orifice. As a consequence of this oblique penetration the 
resulting lip of mucous membrane above the orifice acts as a valve, which is closed by the pres- 
sure of the urine contained within the bladder and can be opened only by the contraction of the 
musculature of the ureter. 

The mucous membrane of the bladder is of a bright red color in the living subject (cystoscopic 
picture), and when the viscus is empty the mucous membrane is thrown into marked folds, 
except in the area included within the vesical trigone, which is nearly always smooth. The folds 
are completely obliterated when the bladder is distended. The vesical mucous membrane 
contains lymphatic nodules, but no true glands. 

When markedly distended the bladder contains over a liter, but under normal conditions it 
rarely contains more than 500 c.c, and usually less than this quantity. Even when markedly 
contracted the viscus is not entirely empty, but still contains about 50 c.c. of urine. 
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The uiinary bbddrr is supp&ed vith blood br the superior and inicrior ivsiad aztexies, both of vhich are branches 
of the internal iliac. The larger inferior rcsseis arc direct blanches of the iotemal iKac, while the superior vesicals are 
really given off by the hypogastric aitenr. 

The veins form several plexuses vithin the vesical vail and empcr into the podendal and vesicopixxtatic plexuses. 

The h-mphatic vessels pass to the sniall vesical Iym|^iatic glands and thence panlr into the iliac glands. 

The nerves are largely furnished by the s^inpathetic, but are also derived fiun the thixd and fourth sacral nerves; 
ihty form the vesical plexus. 

The bladder is developed from the so<alled allantois (see page 1 26). 

THE SUPRARENAL GLANDS. 

The suprarenal glands f Figs. 393, 394, 413, 472, 474, and 475) are paired structures which 
rest upon the upper e.xtremities of the kidneys. They hold intiniate topographic relations with 
these structures, but in other respects they are related to the kidneys in much the same way that 
the thymus gland is related to the respirator}- organs. They belong to the ductless glands. 

They are flat, irregular structures, the shape of which is subject to considerable variation. 
The two glands differ in the same individual, the left one (Fig. 474) usually ha\ing the form of 
a shghtly cuncd, semilunar disc, while the right (Fig. 475) is triangular, the apex being directed 
upward. In each there may be recognized an anterior and a posterior surface^ both of which arc 
cur\'cd and separated by the superior border. The inferior surface, which is also directed slighth* 
outward and backward, is in contact ^\^th the kidney; it is slightly concave and is also known as 
the base. There may also be distinguished an internal border and, at least in the right suprarenal 
body, an apex. Upon the anterior surface near the base there is a shallow groove which is not 
always distinct; it gives entrance to vessels and nen'es (particulaiiy to large venous branches) 
and is known as the hilus, but vessels and ner\'es also enter the \iscus by means of smaller gTO0\'es 
u[X)n its anterior surface. 

The surface of the suprarenal lx)dy is usually slightly nodular and is of a yellowish-whiie 
<r)lor. Upon cro^s-SLClion il is seen to consist of two distinctly demarcated portions: the corti.w 
which is yellow at the j)c'rij>h(.Ty and u>ually ydlowish-browTi jn its deeper layers, and the mediiHc, 
which i^ dirty ^^ay or .^rayi-h-rcd. Toward the margins of the organ the medulla is usualiv 
thinner than the cf)rte\, while in the middle of the viscus it is thicker. 

The >uj>ra renal substance is unusually friable and soon undergoes decomposition in ihe 
cadaver. 

'J'he relation-- of the su[jrarenal Ixxiies are as follows: They rest upon the kidnevs, to which 
they are iirmiy attai hed by a layer of fascia, that u])on the right side being in relation with the 
^uj)erior exireniiiy of tiu- kidney, while that u{)on the left rests rather upon the internal margin of 
thi- \i-cu-. The pn^erior >urfaces are in contact with the crura of the diaphragm. The lef: 
snj)rannal L'lanci al-o border- upon the renal surface of the spleen, the tail of the pancreas, ar.c 
the >pleni( v( --(•!-, and the a])ex of the ri,Ldit one is in contact with the non- peritoneal surface of 
the liver, v>ith which it i> frecpu-nliy rather firmly united by fasciculi of connective tissue: il 
prod:ice- upon the liver the inconstant suprarenal im])ression and is also in relation with the in- 
ferior Vena ( a\a. 

The >ui»rarenal ^dands are relatively very lar^e in the fetus (Fig. 472) and in the newlK)m. 
but they d«> not subsecjuently increase in size in ])roportion to the general growth of the bodv.* 

Accessory >u])rarenal bodies are very common, and are situated either in the immediate 
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vicinity of the organ or at points far distant in the abdominal and pelvic cavities, especially 
near the genitalia; they are particularly common, for example, in the broad ligament of the 
uterus and in the epididymis. These small structures, which are frequently only microscopic in 
size, consist either of cortex and medulla, like the main viscus, or simply of cortex alone. 

The arteries of the suprarenal bodies are furnished by the abdominal aorta; the middle suprarenal is a direct 
branch, while the superior is derived from the inferior phrenic and the inferior from the renal. The suprarenal veins 
empty partly into the inferior vena cava and partly into the renal. The nerves are very numerous and are all branches 
of the sympathetic. 

The development of the suprarenal body is not yet very well understood. It would seem, however, that the medulla 
develops in connection with the sympathetic nervous system, while the cortex arises from the middle layer of the blastoderm 
(from the ccelomic endothelium). 

THE GENITAL ORGANS. 

Although the mature sexual organs (Figs. 463 and 464) exhibit great differences in the two 
sexes, they are formed in both from common indififerent rudiments. This is brought about 
principally by the fact that some of the parts serving as excretory urinary passages in the male 
gradually disappear in the female, while some of the sexual female rudiments do not develop in 
the male. 

The sexual organs of both sexes are differentiated, though not sharply, into the internal and 
the external genitaliay and consist essentially of the genital gland, i. e., the gland which produces 
the sexual products, and of a system of excretory ducts. In the male the genital gland is the 
testis and the excretory duct system consists of the epididymis, the vas deferens, and the seminal 
vesicle; in the female the genital gland is the ovary, and the excretory ducts consist of the Fallo- 
pian tubes, the uterus, and the vagina. 

In addition to the genital gland and the system of excretory ducts there is a structure in both 
sexes which contains the outlets of both the urinary and of the sexual organs and is consequently 
known as the urogenital sinus, and, finally, there are also associated with them other appendages 
of a glandular character. 

THE DEVELOPBJENT OF THE URINARY AND SEXUAL ORGANS.* 

The first rudiments of the urogenital system are intimately connected with a structure which 
is known as the Wolffian body or primordial kidney (Figs. 463 and 464). This arises quite early 
(from the fourth to the fifth week) from the coclomic epithelium, /. e., from the epithelial lining of 
the cmbr>onic body cavity, which is derived from the mesoderm. In the human embryo the 
Wolffian bodv excretes urine onlv for a short time, but in the embrvos of the other mammals it 
functions for a longer period. It consists of a number of tubules with glomeruli and of an excre- 
tory duct, the Wolffian duct, which empties into a ventral i)rotrusion of the hindgut, the allantois 
(Fig. 465). The Wolffian body consists of a small proximal or reproductive portion and a larger 
distal or excretor)' portion. The former becomes a part of the sexual organs in the third month, 
forming, in the male, the epididymis, while in the female it retrogrades, its remains pei*sisting for 
a long time in the broad ligament as the cpoophoron (see page 147). After the development of the 

♦ Only the main facts necessary for the proper undtTstanding of the development of the urogenital system wV^"^^=^ 
considered. For further details the reader is referred to the text-book-s of embryology. 



126 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 

permanent kidney the distal portion of the Wolffian body soon atrophies, and becomes the paro- 
ophoron in the female and the paradidymis in the male (see pages 147 and 131). The Wolflian 
duct forms the vas deferens in the male but disappears entirely in the female, the caudal extrcmit>* 
being the last to atrophy and being still demonstrable in old fetuses at the lateral surface of the 
uterus and vagina « Gartner's duct of the mammalia). 

Inmiediately alongside the Wolffian duct and at a slightly later period, the Mullerian duci 
develops on either side of the body. It also is derived from the ccelomic epithelium, and its free 
cranial extremity, which is termed the injundibulum, remains in connection with the coelom and 
consequently with the peritoneal cavit}-. The caudal extremities of the Mullerian ducts imite 
with each other before they open into the allantois. In the male this duct almost completely 
disappears, only the junction of the caudal extremities remaining for a short distance above its 
termination as the prostatic uiriculus tsee page 137), while the appendix testis is regarded as the 
remains of the cranial extremity or infundibulum. In the female, however, the Mullerian ducts 
undergo further differentiation: the cranial extn?mities remain separated, maintain their com- 
munication with the abdominal cavity, and become the tubct uterimr (Fallopian iubes)^ while the 
caudal extremities become fused for a considerable distance and their walls imdergo further 
development and differentiation to form the uterus and the vagina (see page 147 et seg.). 

In both se.xes the genital gland likewise arises from the coelomic epithelium. It forms the 
testis in the male and the oi'ary in the female. The indifiFerent genital gland may consequently 
Ix'come either a testis or an ovarj-, while the Wolffian duct becomes the excretory duct of the 
genital gland in the male, and the Mullerian duct atrophies, the reverse condition obtaining in 
the female. 

The first indication of the permanent kidney arises ver>' early (fifth week) in the human 
cmbrvo as a blind protrusion from the lower extremity of the Wolffian duct just before its termina- 
t:r;n in ihc alhmloi-. This protrusion forms the- nmil canaly i, e,, the rudiment of the ureu: 
;inr| of llic renal inlvis. Rrrrnt investiLMiions have shown, however, that the uriniferous tubulo 
01 the ;m rmamnt kidnrv avc tiivilo;>i(l almo-t throughout their entire extent from a mas- "f 
riirw>drrmal ti.-iu-. thr ":< .'.;':. .'^'.•'.■. 'V-'^-' "■•- which is (juite distinct at t'lrst from the renal can.:l. 
alih(jii'jh union <>l" ih< ir.lniK -^ umhu.! fvor.i the Ma-tunri and the canal occurs quite early. It i^ 
not improhahli ih.n \\w \A.\^\^u\a \\\\\ :v a dcrivatiw of the embr}-onic tissue which gives Hm 

lo ihr W'ohVi.m lM>d\ 

Sinit ih» Woliinn A\u \ •. i!u- Mv.lK::.!:! iliuis. and the ureters (through the WolflTian duct? 
all trrniinati in \\u .dl.mhM-. uhiJi ;- .\ '.-.^:n>ion of the hindgut, the entire urogenital apparatus 
of ilu- hiu^ i^ MMin, . hd wnhih.ii K>\\ criv.v^>: : -or: :on of the hindgut which is closed by the cloacai 
nu-nihranr mi p.i'M m^ In ihr h;:r.uir. iir.i^no ::k' allantois is a rudimentary- structure: i' 
give- off a ).rolon':anon. ihe ;<'.:.';;/ ^. wi'.ivi' '.-..--i- ::^.:o the um])ilical cord, where it terminaio 
blindlv.and Mil»M'nuentl\ 1»\ the oMiiiiMtii^n of ::> hw^^rn forms the middle umbilical ligamin: 
(see \KVH' \:\^ while ilie imiaining ir.tr.i i niSrxoniv^ ;»<>r!ion of the allantois practically forms i hi 
bladder. The tiMMninal portion oi ::h intr-tinal eanal with whieh the allantoic diverticulum i? 
eonneetetl, and whieh i- at lir>i iloMd h\ ihr eloaeal membrane, is known as the cloaca (Fis;. 40^ . 
It is a eommon eavity for the termination oi the intestinal traet and for the excretorj* ducts of ihi 
urogenital apparatus, and after the di>api>earanee of the eloacal membrane it opens extemallv. -V 
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that both the intestine and the entire urogenital system have a common opening, the cloacal 
opening,* The cloaca soon becomes subdivided by a partition, the perineum^ which separates 
the hindgut from the urogenital sy?tem and the hindgut then terminates at the anus, while the 
urinary and sexual organs empty into the urogenital sinus, which is separated from the anus by 
the perineum. The urogenital sinus receives the Miillerian and Wolffian ducts or that portion of 
these structures remaining after the sexual differentiation which has already taken place (see page 
126) and, in the female, it also receives the short narrow excretory duct (the urethra) from the 
bladder which has developed from the allantois, and in the male the analogous portion of the 
urethra opens into it above the orifices of the sexual ducts. This condition is practically a perma- 
nent one in the female, since the urogenital sinus is transformed into the vestibule of the vagina, 
but in the male the urogenital sinus becomes converted into the greater portion of the urethra 
when the external genitalia are developed. 

There is also an indififerent stage in the development of the external genitalia. The first 
rudiment of these structures appears in front of the cloacal membrane as a conical elevation 
known as the genital tubercle (Fig. 465). Upon this tubercle on the surface toward the cloacal 
membrane there is a cleft, the genital groove, which is bounded upon either side by the genital 
folds, and parallel to these folds are two cutaneous elevations, the genital swellings {tori genitales), 
which unite in front of the genital tubercle and gradually disappear as they extend posteriorly 
toward the subsequent anal orifice. In the female, the genital tubercle forms the clitorisy the 
genital swellings the labia majora, the genital folds the labia minora, and the urogenital sinus 
opens at the genital groove. In the male the rudiments of the external genitalia undergo much 
more marked changes in their transformation into permanent structures. The genital swellings 
fuse to form the scrotum, the raphe remaining at the line of fusion; the genital tubercle forms the 
penis; and the genital groove becomes closed in by the fusion of its lips, except at the urethral 
orifice, by which the urogenital sinus opens externally. Owing to the growth of the penis the 
urogenital sinus becomes markedly elongated, forming a considerable portion of the urethra, 
and the genital folds form the frenulum of the glans. Defects upon the lower surface of the pKjnis 
are explained as an imperfect fusion of the lips of the genital groove. 

The Wolffian body and the genital gland are originally situated upon the posterior abdominal 
wall in what subsequently becomes the renal region. In both sexes a downward movement 
occurs which is designated as the descensus ovariorum or testiculorum as the case may be. This 
occurs partly as a result of unequal growth and partly as a consequence of the muscular traction 
of a structure which is at first attached to the Wolffian body and extends to the region of the 
subsequent inguinal canal. This structure is* at first termed the inguinal ligament of the Wolffian 
body, but later it proceeds from the lower extremity of the genital gland, and is then known 
as the gubernaculum testis or ovarii {gubernaculum of Hunter), In the female the genital gland 
descends only into the pelvis, where the inguinal ligament becomes the ovarian and round liga- 
ments. In the male the change in the position of the genital gland, is much more marked, 
since the testis, together with a peritoneal diverticulum, the inguinal cone, is drawn through 
the inguinal canal and down into the scrotum by the gubernaculum. The portion of the 

♦ In the human embrj'o the cloacal membrane does not disappear until after the cloaca has been subdivided, and 
the urogenital sinus has an external orifice before the anal opening is completed. 
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inguinal cone outside the abdominal inguinal ring is termed the vaginal process ot the p>eritoncum. 
The testis and vaginal process in their descent push ahead of them the cremasteric fascia (see page 
133), the musculature of the obliquus intemus as the m. cremaster (see page 133 and VoLI, page 
160), and the transversalis fascia (as the tunica vaginalis communis), and naturally take along the 
vessels and nerves of the testis, as well as its excretory duct, the vas deferens, this latter structure, 
together with the vessels and nerves, forming the spermatic cord. The descent of the testis is grad- 
ually accomplished and is not completed until during the last month of fetal life. Outside the 
inguinal canal the vaginal process of the peritoneum becomes obliterated throughout the spermatic 
cord and forms a fibrous cord, the rudiment of the vaginal process, but it persists within the scro- 
tum, forming a peritoneal investment for the testis, the tunica vaginalis propria. 

The remaining portions of the genital system, such as the glands, are formed secondarily in 
the usual way. The indifferent rudiments consequently correspond to the following structures 
in the two sexes: 

Indifferent Embryonic Condition. Male. Femalx. 

Germinal gland Testis. Ovary. 

Wolffian body: 

Proximal portion Epididymis. £po5phoxx)n. 

Distal portion Paradidymis. Paro5phoron. 

Inguinal ligament of Wolffian 

body Gubcrnaculum testis. Ovarian ligament and round ligament d 

uterus. 

Wolffian duct Vas deferens. Disappears completely. 

Mullerian duct Prostatic utricle (appendix testis). Fallopian tubes, uterus, and vagina. 

Genital tubercle Penis. Clitoris. 

Genital folds Frenulum glandis. Labia minora. 

Genital swellings Scrotum. Labia majora. 

Urogenital sinus All of urethra except the first por- 
tion. Vestibule of vagina. 
Bulbourcihral plands. (jrealer vestibular glands. 
C<)ri)us ravcrno-uni. Bulbus veslibuli. 
Prostate f!;Ian<i. Rudiments. 
St-minal vesicles, 

THE MALE SEXUAL ORGANS. 

The male sexual organs (Fi^s. 480 to jS:;) include the Ics/is, the epididymides, the vasa dtjer 
ent'uu the seminal vcsir/cs, the pros/ale f^Iand, the male urethra^ the spermatic cord, the bu/bo- urethra! 
glands (glands 0; Cozcprr), the poiis, and the scrotum. 

The Male Internal Genitallv. 

The internal ^^enitalia of the male are not sharply differentiated from the external parts. They 
consist of the testis, the t'pididymis, the vas (lcferin> and the s])ermatic cord, the seminal vesick^. 
the])rostateL^land, the bulbo-urethral <,dand> 'udand> of Co\vj)er),and a portion of the male urethra. 

THE TESTIS AND EPIDIDYMIS. 
The testis 'Fi.i^>. 4S4 to 4SS) is a paired, ellipsoidal glandular body, slightly flattened from 
side to side. It is of a bluish-white color and is situated within a serous sac in the scrotum. It 
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presents a superior and an inferior extremity and external and internal surfaces. The internal 
surface is somewhat flattened and is separated from the external one by the markedly flattened 
anterior and posterior borders^ which are really narrow surfaces, the entire surface pf the testis 
being convex and very smooth. The axis of the testis passes obliquely from above downward, 
from before backward, and from without inward, and consequently the anterior border is directed 
somewhat backward and the posterior one slightly upward, while the internal surface looks some- 
what anteriorly and the external posteriorly. 

In addition to the visceral layer of the tunica vaginalis, the testis is also enclosed by a firm 
white fibrous capsule, the tunica albuginea (Fig. 487), which gives the organ its whitish appearance 
and solidity. It becomes thin at the posterior border of the testis, where it is pKjrforated by the 
vessels and nerves passing into the interior of the viscus. The posterior border is consequently 
attached, while the anterior is free, and the posterior border is also continuous with a wedge-shaped 
mass of connective tissue which is triangular in cross-section, the mediastinum of the testis {corpus 
Highmori) (Figs. 487 and 488). The narrow anterior border of this projects into the interior of 
the testicle and the entire structure is traversed by vessels and seminal tubules, and is considerably 
shorter than the testicle, so that it gradually disappears as it approaches the upper and lower ex- 
tremities of the organ. It gives oflF fibrous partitions known as the septula of the testis, which 
radiate toward the inner surface of the tunica albuginea, and between these septula are situated 
the individual lobules of the parenchyma of the viscus, which are broad at the tunica albuginea 
and pointed at the mediastinum. 

The lobules of the testis contain the actual secreting canals of the viscus, the tubtdi scminiferi 
coniortiy fine, long, white, markedly convoluted tubules which are distinctly visible to the naked 
eye (Fig. 486). In the region of the mediastinum they become continuous with much narrower, 
straight tubules, the tubuli seminiferi recti, which anastomose with each other in this situation, 
forming the rete testis (rete H alter i), and from the base of the mediastinum ten to fifteen excretory 
ducts, the ductuli efferentes, pass to the epididymis. 

The epididymis (Figs. 484 to 488) is an elongated, retort-shaped body, the greatest length 
of which is applied to the posterior border of the testicle. In its middle portion it is shaped like a 
three-sided prism, and its upper extremity is thickened and rounded. Three parts, which are not 
sharply defined, may be recognized in the epididymis: (i) the head or caput, (2) the body or cor- 
pus, and (3) the tail or cauda. The upper extremity of the markedly thickened caput is rounded 
and directed internally, and its lower concave surface is applied to the tunica albuginea of the 
superior extremity of the testicle. The body is usually the thinnest portion of the structure and is 
distinctly prismatic; its anterior border is firmly adherent to the posterior border of the testis and 
the contiguous portion of the external surface, but the remaining portions of it merely rest upon 
the testis, from which they are separated by the sinus of the epididymis. The more rounded 
and curved cauda is usually thicker than the body; it is situated at the inferior extremity of the 
testis, where it makes a sharp bend to become continuous with the vas deferens, which passes 
upward. 

The epididymis is longer than the testis and rather markedly curved. It is not situated ex- 
actly posteriorly but also somewhat externally (particularly the body). The convex surface of its 

head, the entire external surface and a portion of the anterior surface of the body, and the ex- 
n~9 
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B. 480 ftnd 4S1. — The male genitalia seen in profile. The sacrum and coccyx and ibe pubis bavc bc«a Arlded ■ 
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temal surface of the tail are invested by the visceral layer of the tunica vaginalis. Its surface in 
general is smooth, but the head exhibits small, irregular, transverse grooves, and the entire struc- 
ture is also surrounded by a tunica albuginea which is considerably thinner than that of the 
testis. 

The head of the epididymis contains the conical lobuliy which correspond in number to the 
ductuli efTerentes of the testis with which they are continuous by their apices. The ductuli effer- 
entes are coiled up in the lobules of the epididymis, and while still within the head of epididymis 
empty into a very long cylindrical canal known as the duct of the epididymis. This is thrown into 
an extremely large number of compact convolutions with acute flexures, and forms the entire body 
and tail of the epididymis, its convolutions being held together by fasciculi of connective tissue, 
and at the end of the tail it becomes continuous with the vas deferens, there being no sharp demar- 
cation between the two structures. 

The testis and the epididymis together form what is termed the testicle. They lie in a serous 
cavity formed by the tunica vaginalis propria (Figs. 484, 485, and 490), which arises in the fetus 
as a peritoneal diverticulum, but subsequently becomes completely cut off from the peritoneum 
and forms a paired cavity situated within the scrotum (see page 139). Like other serous sacs it 
possesses a parietal and a visceral layer. The testis and epididymis push the visceral layer before 
them in such a way that the testis is entirely enveloped by it except in the region where the vessels 
enter, and the ci)ididymis is also partially covered. In this manner two serous folds are formed 
between the testicle and the epididymis, one at the base of the head of the epididymis, the superior 
ligament oj the epididymis, and the other at the junction of its body and tail, the inferior ligament 
of the epididymis. These ligaments form the boundaries of a cleft-like space situated between the 
testis and the epididymis and termed the sinus of the epididymis. The relatively large cavity of 
the tunica vaginalis propria contains several drops of a serous fluid. 

The testis and epididymis almost always possess several appendages which are also covered 
by the visceral layer of the tunica vaginalis. As a rule, both the testis and the epididymis (head) 
possess such structures, but only the appendix testis (hydatid of Morgagni) (Figs. 484 and 485), 
the so-called non- pedunculated hydatid, is constant. It rests upon the upper extremity of a 
testis where it is covered by the epididymis, and is a semisolid, elongated and flattened, club-shaped 
body covered by ciliated epithelium, and is regarded as the homologue of the abdominal orifice of 
the Fallopian tube. The appendix of the epididymis (Figs. 484 and 485), the so-called peduncu- 
lated hydatid, is not always present. It is an elongated vesicle which is attached to the head of the 
epididymis by a short pedicle, and, like the superior ductulus abcrrans (see below), seems to be an 
undeveloped lobule of the epididymis. 

Just above the head of the epididymis in the spermatic cord is situated the paradidymis, the 
remains of the distal portion of the Wolffian body; it is a small elongated structure consisting of a 
number of slightly tortuous canals and is only demonstrable during childhood. It must not be 
confounded with the superior ductulus abcrrans, a very inconstant, isolated, blind lobule of the 
epididymis, which communicates directly with the testis. The inferior ductulus abcrrans (Fig. 
486) is more frequently present; it is attached to the tail of the epididymis and is the remains of a 
tubule of the Wolffian body. It passes upward for some distance alongside the body of the epi- 
didymis as an elongated blind appendage. 
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The arteries of the testis (and of the epididymis) are the testicular, the terminal branch of the spermatic, and the 
artery of the vas deferens which is derived from the internal iliac. Both of these arteries pass to the testis through the 
spermatic cord, and their length and the high origin of the testicular artery (from the abdominal aorta) are explained by 
the descent of the testes (see page 127). While the testicular artery supplies the entire testis and the head of the epididy- 
mis, the artery of the vas deferens passes to the body and tail of the epididymis and anastomoses w-ith the former vesseL 

The veins of the testis and epididymis form the pampiniform plexus upon the posterior surface of the testis and in 
the spermatic cord; this plexus becomes continuous with the testicular vein (internal spermatic) and some of the posterior 
veins of the testis empty into the inferior epigastric vein. 

The numerous lymphatic vcssek of the testis pass upward with the veins in the spermatic cord and terminate in 
the lumbar l>'Tnphatic glands. 

The nerves of the testis are derived from the sympathetic and form a plexus along the artery in the spermatic 
cord. 

THE VAS DEFERENS, THE SEHINAL VESICLE, AND THE EJACULATORY DUCT. 

The vas deferens (ductus deferens) (Figs. 412, 413, 478, 481, 486, 489, and 490) is the actual 
excretory duct of the testis. It is an almost perfectly cylindrical canal, about forty centimeters in 
length, which arises at the lower pole of the testis as a direct continuation of the tail of the epi- 
didymis (Fig. 486). It runs upward parallel to the epididymis, enters the spKjrmatic cord, passes 
through the inguinal canal with the latter structure (Fig. 490) and, after dilatmg to form the 
ampulla, unites with the seminal vesicle (Fig. 489) and empties into the prostatic portion of the 
urethra. 

The vas deferens commences at the lower end of the duct of the epididymis by the lumen of 
the latter becoming much narrower, while its wall becomes considerably thicker. The wall con- 
sists of a thin mucous coaf, of a very strong muscular coat, the structure of which varies somewhat 
in different situations, but which is made up of an external, middle, and internal layer, and of an 
outer coat which is essentially fibrous in character. The muscular coat is relatively the strongest 
involuntary muscle of all the male viscera and the vas deferens in consequence feels like cartilage. 

The vas deferens at its commencement is situated at the posterior border of the testicle and 
it pursues an almost straight or slightly tortuous cdurse to the upper pole of the organ, where it 
makes quite an obtuse angle and enters the spermatic cord. 

This (Figs. 413 and 490) is a cylindrical structure of rather soft consistency, which is about as 
thick as the little finger and 15 to 20 cm. long. It extends from the abdominal inguinal ring * (see 
page 82) to the posterior border of the testis, and its chief constituents are the vas deferens, the 
testicular artery, and the wide-meshed pampiniform plexus. With these structures are associated 
the artery and vein of the vas deferens, the lymphatics and nerves of the testis (spermatic plexus), 
and the nerves of the vas deferens. The vessels for the testis are grouped in the antero-extemal 
portion of the cord, while those for the vas deferens are situated posteriorly and to the inner side. 
The spermatic cord also contains the rudiment of the vaginal process (see page 128) and, in its 
lower portion, the paradidymis (see page 131), and nonstriated musculature known as the m. 
cremaster internus is also present. All these structures are surrounded by loose connective tissue 
poor in fat, by the m. cremaster externus (see pages 128, 139, and Vol. I, page 160), the cremasteric 
fascia (see page 139 ), and the tunica vaginalis communis. 

The vas deferens passes through the inguinal canal in the spermatic cord and reaches the 

♦ Since some of the coverings of the cord are derived from the interior of the inguinal canal and from the sub- 
cutaneous inguinal ring, the structure is not complete until it reaches the latter point. 
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Ftc. 484. — ^The testis and epididymis with their investing membraoes seea tnm id firont- 

FiG. 485. — ^Tbe testis and epididymis with their investing membranes sets from the lateral surface. 

Fig. 4&6. — The testis, epididymis, and thfe proximal portion of the vu deferens. 

The tunica olbugiiiea has been completel]' removed from the epidirdTinli ami paitlf fraoi the tcsdi; the ttdniH 
contoni of the lowest lobule o( the testis have been istdated. 
Fig. 487. — ^Longitudinal section of the testis and epididjmiis. 
Fig. 4S8. — Transverse section of the scrotum and the two testes. 

* — Cavity of the tunica va^nalis propria. 
Fig. 489. — ^The prostate and the seminal vesicles seen from above and in front 

The left seminal vesirlc together with the ampulla of the vas defeRUi haa been divUcd '^■g ' TT ii ^^'i llT aad Ae 
urethm has been cut off dose to its exit from the bladder. 



abdominal inguinal ring. Here it lies immediately in front of the parietal peiitcxieuiii, and aficf 
accompanying the internal spennatic vessels for a short distance, it descends into the true pdvis 
(Fig. 413). This part of the vas is accordingly termed the fdoic porHon, in contradistinctioa to 
the inguinal portion, which is situated within and in front of the inguinal canaL Tlie vu defenoi 
suddenly leaves the spermatic vessels and descends upon the lateral wall of the peh'is almost to ibr 
pelvic flpor, being still covered throughout by the parietal peritoneum. It then passes downward, 
backward, and inward to thcsidcofthefundusof the bladder, where tt I'sclosely applied to the vcsiol 
wall and covered by the visceral layer of the peritoneiun, and at the lower ^wrlion of the postenO' 
wall of the bladder, at the junction of the body with the fundus, it crosses the lower portion of lit 
ureter and takes up a position in front and to theinnerside of this structure (Fig. 478). 

Below this crossing and before reaching the prostate the tenninal portion of the v*as exhibilf 
a rather marked spindle-shaped dilatation known as the ampulia (Figs. 478 and 489), Tbcu- 
tcmal surface of this structure is not smooth but sti^tly indented, and the inlcmal surface poaass^ 
numerous folds of mucous membrane which project deeply into tht' lumun and undersjo maniW- 
sulxiivisions and anastomoses, so that there are formed deep, irregular, ixiuch-likc depressions* 
the interior of the ampulla, the divvrlkula oj thr ampulla. The caliber of the ampuUie dimini^hc^ 
as they pass downward: they Uc immediately alongside the seminal vesicles (Figs. 47S and 4&0L 
their lower jwrtions luini^ only a few millimeters from the median line. The largest diameter « 
the anipulhe is about one centimeter and they arefrom three to four centimeters in length. 

The seminal vesicles (Figs. 478, 481, and 489) are elongated culs-de-sac, flattened Irr^ 
before backward, which are altachwl to the vasii deferentia upon either side at the lemiinalJon o! 
their amjiulla;. They are alx)ut 4 or 5 cm. long, 2 cm. broad, and i cm. thick. The upper ci 
Iremity broadens out to form the body liorpiis), and the lower extremity becomes coniracttxl ; 
form a short iwrrrlory duel. The surface is irregularly nodular. The vesicles arc intimairii 
adherent to the ix>stero- inferior wall of the bladder alxjve the prostate, just to ihe outer side o;' il^ 
ampulUe of the vasa deferentia (Fig- 478); their blind extremities arc placed immediately to i^' 
inner side of and ix-low the entranees of the ureters into the bladder, and by their posterior surfa-r^ 
they are in relation with the anterior rectal wall, from which they are separated by fatty tissue ji>I 
jxriloneum. .\boul (he upper third of each vesicle is covered by peritoneum, so that a portioc J 
the rectovesical |>ouch is situatLd between them and the rectum. 

The seminal vesicles and the immediately contiguous ampulla- arc surrounded Ky ^ 
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fibrous capsule. Their lower extremities converge until they are in contact, but the superior ex- 
tremities of the seminal vesicles are separated from each other by a distance of about six centi- 
meters. 

Each seminal vesicle practically consists of a single wide tortuous canal provided with blind 
diverticula, the convolutions of which are firmly bound together by connective tissue (Fig. 489). 
In other respects the seminal vesicle resembles the ampulla of the vas both in its macroscopic and 
microscopic appearance. 

By the junction of the excretory duct of the seminal vesicle with the ampulla of the vas there 
is formed a short narrow canal, the ejaculate ry duct (Figs. 476 and 479), which traverses the 
prostate and by means of which the vas and the seminal vesicle open into the urethra. This junc- 
tion takes place at an acute angle (Fig. 489) and the lumen of the ejaculatory duct is at first rela- 
tively large; within the prostate it becomes considerably narrower and at its termination the caliber 
is about 0.15 cm. Almost the entire ejaculatory duct is situated within the prostate, which it 
traverses obliquely in such a manner that the walls of the duct are fused with the prostatic tissue 
and situated in the immediate vicinity of the prostatic utriculus. Both ejaculatory ducts converge 
toward the middle line and terminate close together in the urethra upon the coUiculus seminalis 
(see page 137). 

The vas deferens is supplied by the artery of the vas from the internal iliac (directly or indirectly); the arterial 
branches for the seminal vesicles and the ampullae of the vasa defercntia are derived partly from the artery of the vas 
and partly from the inferior vesical and middle hemorrhoidal arteries. 

The veins of the vas are connected partly with the pampiniform plexus and partly with the plexus venosus seminalis^ 
with the veins of the bladder, and with the vesicoprostatic plexus. The veins of the seminal vesicle form an individual 
plexus which is named after this structure. The lymphatic vessels of the vas deferens are associated with those of the 
spermatic cord which pass to the lumbar glands and with those of the seminal vesicle which run to the hypogastric 
glands. 

The nerves of the vas deferens and of the seminal vesicle are derived from the hypogastric plexus of the sympathetic. 

THE MALE URETHRA, THE PROSTATE, AND THE BULBaURETHRAL GLANDS. 

The male urethra (Figs. 476, 482, 483, 491, and 492) is an S-shaped canal, 18 to 22 cm. in 
length, which commences at the bladder (see page 122) and terminates at the end of the penis at 
the external orifice. Only that portion which extends from the internal orifice to the colliculus 
seminalis serves purely as a urinary passage and corresponds to the female urethra (see page 127); 
the greater portion by far, situated anterior to the colliculus, serves both as a urinary and a seminal 
passage. In the male urethra three portions: the prostatic, the membranous, and the spongy may 
be recognized (Figs. 482 and 483). 

The prostate (Figs. 476, 478 to 483,489, 491, and 492) is a glandular, muscular organ, situated 
at the lower end of the bladder, and of a shape which is usually compared to that of a chestnut. 
The broad upper portion adherent to the bladder is termed the base, while the markedly rounded 
tip, directed downward and forward, is the apex, A shallow groove upon the posterior surface 
of the organ indicates two incompletely separated lobes. 

The base of the prostate is divided into an anterior and a posterior portion by a transverse 
groove produced by the entrance of the ejaculatory ducts. The anterior portion is designated as 
the isthmus of the prostate (Fig. 479) and is firmly attached to the bladder, while the posterior 
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porti(m is in contact with the ampulls of the vasa def erentia and the afaoes of the ^pwiitml yesides. 
Occasionally the isthmus is more markedly developed and projects against the posteio-inf ciior 
wall of the bladder, and it is then known as the middle lobe. 

The almost plane and longer posterior surface of the organ is inchned, wbUe the much shorter 
anterior surface is almost vertical, the two surfaces, however, not being sharply defined, but joined 
by lateral convex borders. The prostate is distincdy flattened from before backward, so ^^»* the 
transverse diameter is usually the greatest. 

It is traversed by the prostatic portion of the urethra (Figs. 483 and 483) in such a mftnnw 
that this structure is nearer the anterior than the posterior walL The sli|^tly concave base is di- 
rected upward and is firmly adherent to the fundus of the bladder, the posterior wall is in idatioo 
with the anterior rectal waU, with which it is connected by the fibrous fasciculi of the lectovcsical 
fascia, and the apex is intimately imited with the urogenital trigone. The anterior sur&ce is 
attached to the anterior waU of the pelvis by a median and two lateral ligaments, which are termed 
the median and lateral puboprostatic ligaments and are situated behind the lower portion of the 
pubic symphysis. The lateral surfaces of the prostate are in relation with the levator ani muades. 
Several venous plexuses are situated in the vicinity of the prostate; in front is the pudendal plexiB» 
and at the base and to either side is the vesicoprostatic plexus. 

The prostate is made up of involuntary musde and of ^andular tissue, sometimes one and 
sometimes the other element preponderating. The lateral portions of the prostate and the Iiiger 
portion situated behind the xurethra are rich in glandular dements, while the narn»w portion a 
front of the urethra contains but few of these constituents. 

The entire glandular mass of the prostate is termed the corpus ^andtdare. It fwm^ j^ of i 
large number of individual glands, whose excretory ducts are known as the prostatic ducts. TlMse 
open separately or in combination with each other by about thirty narrow orifioes in the prostatic 
portion of the urethra, and corresponding to the preponderance of the glandular tissue in the pos- 
terior segment of the prostate, these orifices are situated principally in the posterior portion of the 
urethral wall, especially at either side of the colliculus seminalis. 

The prostatic musculature is chiefly involuntar>' in character, but at the lower extremity' of 
the organ it becomes intermingled with the striated fibers of the sphincter urethrce membranaat. 
The proper prostatic musculature is termed the m. prostaticus; at the base of the prostate it is 
connected with the uretliral annulus (sphincter vesicae, see page 123) and consists of irregulariT 
arranged muscular fasciculi, the majority of which pass transversely and surround the glaixl. 

The fibrous capsule which envelops the prostate and is particularly developed laterally and 
fX)stcriorIy, is known as the prostatic jascia (see page 162); it is thickest upon the posterior surface 
of the organ, where it is connected with the rectovesical fascia. 

The prostatic portion oj the urethra (Figs. 476, 482, and 483) is in the anterior portion of the 
[)rostate; superiorly is it situated approximately at the junction of the anterior and middle thiids. 
while inferiorly at the apex of the gland it is almost exactly in the middle. It is 2 to 2.5 cm. loitf 
and pursues an almost vertical course, though slightly convex posteriorly. The mucous membrane 
is firmly attached to the rather unyielding prostatic substance, so that this portion of the urethra 
is of large and constant caliber. 

Upon the posterior wall of the prostatic urethra there is a longitudinal fold known as the 
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urethral crest (Fig. 476), which commences at the internal urethral orifice as a continuation of the 
uvula of the bladder and extends into the membranous urethra or even beyond this point. At 
about the middle of the prostatic urethra the urethral crest is elevated to form a longitudinal ridge 
about three millimeters in height, the colliculus seminalis (verumontanum), which projects into 
the lumen of the urethra in such a manner as to produce two deep lateral grooves {lateral sulci of the 
coUictdus). The colliculus consists not only of mucous membrane but also of prostatic tissue, and 
particularly of its glandular element, so that the structure is to be regarded as a protuberance of 
the prostatic substance covered by the urethral mucous membrane. 

The top of the colliculus seminalis presents a fine slit-like orifice which leads into a cul-de-sac 
within the prostatic tissue, the prostatic utriculus, which represents a rudimentary uterus mascu- 
linus (see page 126), is of variable size and development, and usually appears as a flattened pear- 
shaped vesicle, directed backward and upward toward the base of the prostate. In rare cases it 
attains a considerable size. 

To either side of the orifice of the prostatic utriculus, and usually somewhat posteriorly, upon 
the lateral slope of the colliculus is situated the small round opening of the ejaculatory duct. After 
entering the prostate (see page 135) this structure traverses the substance of the organ almost 
horizontally, and toward its termination converges slightly toward the median line. More rarely 
the ejaculatory ducts open into the prostatic utriculus or, by means of a common orifice, with this 
structure. Alongside the orifices of the ejaculatory ducts upon the lateral slopes of the colliculus 
and in the lateral sulci are found the numerous orifices of the prostatic ducts. 

The prostatic urethra is continuous with the membranous urethra, which is so called since 
it is limited only by the urethral wall and the adjacent musculature, in contrast to the first portion 
of the urethra, embedded in the prostate, and the last portion, surrounded by the corpus caver- 
nosum. 

The membranous portion 0} the urethra (Figs. 482, 483, and 492) is short, being only about 
one centimeter in length. Like the prostatic portion, it runs almost vertically, although somewhat 
from behind forward and from above downward, presenting a slight concavity anteriorly and 
traversing the urogenital trigone (see page 162) in a rather oblique direction. Since the uro- 
genital trigone is in contact with the inferior surface of the prostate, the urethra upon leaving 
the organ passes directly into the substance of this structure. 

The muscular fasciculi of the m. trigoni urogeni talis (see page 159) form a circular ring of stri- 
ated musculature about this portion of the urethra, and form what is known as the sphincter 
urethrce membranacece. The membranous portion is narrow but very dilatable, since its walls are 
isolated from the surrounding tissues and contain involuntary muscle, and its mucous membrane 
is characterized by a cavernous venous plexus. 

To either side of the posterior portion of the membranous urethra and between the muscular 
fasciculi of the transversus perinei profundus (see page 159) are situated two small glands about 
the size of a pea; these are the bulbourethral glands (glands 0} Cowper) (Figs. 482, 483, 492, and 
433). They are situated quite close to the median line, their internal margins being only several 
millimeters apart. 

Each gland consists of a rather hard, nodular body and of an excretory duct. The latter is 
scarcely as thick as a knitting-needle and is rather long* ; it passes forward and downward through 

♦ The length is variable, but is usually several centimeters. 
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the bulb of the urclhra to the commencement of the cavernous portion, where it opens upoil ut^ 
floor after perforating the mucous membrane at a verj' acute angle. 

The cavefTWHS portion (Figs. 4S2, 483, and 492) is by far the longest portion of the urethra 
and is situated throughout its entire length* within the corpus cavemosum. The superior portion 
is still vertical with a posterior convexity, and this is followed by the subpubic curvature, situated 
beneath the symphysis, the concavity of which is directed upward. This subpubic cun'ature is 
independent of the position of the penis (sec yjage 139) and is consequently designated as the /ixed 
ravcrnous portion, in contradistinction to the dependent portion in the flaccid penis, which is known 
as the pendulous porlion. The cavernous portion consequently makes an S-shaped curve when 
the penis is not erect ; when it is erect the inferior curvature disappears and the subpubic curvature 
alone remains. The length of the cavernous urethra is also dependent upon the condition of the 
penis; when the organ is flaccid this portion of the urethra is about 15 or 16 cm. in length, 7 to 9 
cm. of which represents the pendulous portion. The caliber is uniform and of average width except 
just before reaching the meatus, where it is dilated, the dilatation being situated within the glans 
and being about two centimeters long; it is known as the ^ossa ttavkularis (jossa 0} Morgagnf). 
The vertical diameter of this dilatation is greater than the transverse, and the narrowest [xjrtion of 
the urethra is at the meatus, which is a sagittal longitudinal fissure. The roof of the fossa na\-icu- 
laris frequently presents a transverse fold of mucous membrane, the valve oj Ihe navicular jossa 
(laaina magna or Guerin's fold) (Fig. 492), and the mucous membrane of the cavernous urethra 
also possesses mucous glands which frequently empty into small recesses knowTi as the urelfiral 
tarun^ {lacuna: oj iforgagni). The commencement of the cavernous urethra also contains the 
orifices of the bulbourethral glands. When empty the lumen of the cavernous portion of the urethra 
is represented by a transverse slit, which in the [X)sterior portion of the glans has a vertical 
branch which extends upward, while in the anterior jiortion of the glans (fossa navicularis) the 
transverse slit is replaced by a sagittal one. 

The prostatic portion of the urethra is supplied by branches from the middle hemorrhoidal and infcritn' Tcsica] 
arteries: Ihe remaining portions arc nourished by branches of the internal pudic (perineal, artery of the bulb, and me- 
thral). 

The veins of the upper porlion of the urethra 
pass to the veins of the penis. 

The lymphatic vessels of the urethra run to the hypi^astric glands, partly also 
the nerves of the urethra are derived from the pudendal plexus, from the sacral plext 
pmstaticus and 
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The Hale external genitalia, 
the scrotum. 

The scrotum (Fig. 490) is a sac which is formed principally of the skin, and is to a certain 
extent unsymmetrical, in that its left half is usually longer than the right, corresponding to the 
lower position of the left testis. It contains both testes (and epididymides) with their serous sacs 
(seepage 128), and the lower portions of the spermatic cords. 
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The skin of the scrotum, which is directly continuous at its base with that of the mons pubis, 
perineum, and inner surface of the thighs, is characterized by a number of peculiarities. It is thin, 
distinctly pigmented and darker than the surrounding integument, contains large sebaceous glands 
and a scanty number of large isolated hairs, and its posterior portion presents a distinct raphe 
which is continuous with that of the perineum, and represents the remains of the cleft between the 
rudimentary folds (see page 127) from which the scrotum is developed. The raphe corresponds 
to a septum (Figs. 488 and 492) in the interior of the scrotum, a partition formed of connective 
tissue, a httle fat, and non-striated musculature, which separates the two testes and spermatic 
cords. 

The integument of the scrotum contains a very extensive layer of non-striated muscle, which 
is arranged as a network of fasciculi and is known as the dartos (Fig. 490) ; by its contraction it 
produces the corrugation of the scrotal integument. Fatty tissue is entirely wanting in the skin 
of the scrotum, and beneath the dartos there is only a slight amount of areolar tissue. 

Underlying the dartos is the cremasteric fascia (see page 133), which is reflected from the suf>er- 
ficial abdominal fascia to the cremaster muscle and accompanies this into the scrotum. The 
muscle (see Vol. I, page 160) is a continuation of the obliquus abdominis intemus, sometimes partly 
also of the transversus abdominis, and it extends downward into the scrotum as isolated fasciculi 
which are at first longitudinal and parallel and situated upon the posterior surface of the spermatic 
cord, but upon reaching the scrotum they surround the testis and its coverings and anastomose 
with one another, passing in transverse and oblique directions (Fig. 490). 

The muscular fibers of the cremaster are in immediate contact with a layer of fascia, the 
tunica vaginalis communis (Figs. 484, 485, 488, and 492), so named because it belongs to both the 
testis and the spermatic cord. It is a continuation of the transversalis fascia of the abdomen 
and encloses the tunica vaginalis propria, which forms the innermost tunic of the testis (see 
page 131). 

The scrotum consequently consists of the following layers: the integument with the dartos, 
the cremasteric fascia, the cremaster muscle, the tunica vaginalis communis, and the tunica vagi- 
nalis propria. The two testes are entirely independent of each other, each being situated in its 
pwn half of the scrotum, which is subdivided by the median septum. All the testicular coverings 
inside the dartos are similarly independent, and this independence extends, with the exception of 
small anastomoses, even to the blood-supply of the two viscera. 

The arteries of the scrotal integument are the posterior scrotal branches of the internal pudic and the external pudic 
arteries, which are derived from the femoral and give off the anterior scrotal branches. The lateral portion of the scrotum 
also receives branches from the obturator artery. 

The veins empty j)artly into the great sai)henous through the external pudic veins, and partly into the internal 
pudic veins, and the nerves are the anterior scrotal branches from the external spermatic (lumbar plcxu>) and the posterior 
scrotal branches of the i)udic. 

THE PENIS. 

The penis (Figs. 482, 483, and 490 to 497) is an almost cylindrical structure, whose root is 
attached to both pubic bones, and which when flaccid hangs downward, so far as its chief portion 
or body is concerned. Its free extremity forms the glans. The broad surface, which is directed 
upward and forward, is termed the dorsal surjace {dorsum penis), and the somewhat narrower 
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inferior and posterior surface the ftr^krai surfaee; both of these are connected by lateral surfaces 
without demarcation. 

The chief constitueDtsof the penis aie its erectile bodies, the corpora cavernosa, two of which, 
the atrpora caaernosa of Ike pettis, are paired, irtiile the third, the cor put cavenosmm of Ike mmkn, 

is single. 

The corpora cavernosa of Ike penis (Figs. 491, 493, and 494 to 497) are cy l indrical structures 
&e anterior and posterior extronities of which are p(Hnted, and which are adhermt to euh other 
thiouf^iout the greater porticm of their length. They arise frcm the inner margins of Uie inferior 
rami of the pubes by means of the crura peuis (Fig. 493}, iidiich are sli^tly fla tt med and o( a 
markedly diminished caliber. These structures conveige along the lower mar^ of the paluaiid 
gradually increase in size until they meet in front of Uie lower portion of the pulnc ^mpl^vs, 
iriiere they become adherent by their internal surfat^s to form the septum at the penis (FIg». 494 
and 495). They are firmly attached .to the pubic hemes by the albuginea (see bdow), and each 
has resting upon it the ischiocavemosus (see page 160) (Fig. 491). 

By the adherence of the corpora cavernosa in the body of the penis there is formed in ihc doTsai 
portioa ci tbe (^an a flattened cylindrical structure, the superior sur&ux of which is smooth and 
travosed by the dorsal arteries and vein of the penis, while the inferior surface exhibit a broad 
deep groove, the urethral sidcus, idiich lodges the corpus cavemosum ol the urethra (Fig. 494). 
The anterior extremities of the two corpora cavernosa of the penis are markedly pointed and pro- 
ject beneath the corona glandis (Fig. 491). 

Each corpus cavemosum possesses an exceedingly firm and thick (about 2 mm.) fibrous cap- 
sule, known as the tunica aibuginea, and in the body of the penis the two albugineae are in contact 
in the median line and form the septum oj the penis (Figs. 494 and 495), which is sometimes incom- 
plete, so that the cavernous spaces of both erectile bodies are in communication. Within the 
albuginea is the actual cavernous tissue with its spaces and the numerous fine trabeculie, which 
are attached to the inner surface of the albuginea. The deep vessels and the dorsal nerves of the 
penis run in the interior of the corpora cavernosa, usually near the septum. 

The single erectile body of the penis, Ihe corpus cavemosum oj llie urethra (corpus spongiosum) 
(Figs. 482, 485, 491, 492, and 494 to 497), is a distinctly flattenCfl structure, the anterior and poste- 
rior extremities of which arc greatly thickened. The [HJStcTior swelling is termed the buib, the 
slender middle piece the body, and the anterior swelling the glans. The corpus cavemosum of 
the urethra is longer and thinner than that of the penis and its albuginea is much weaker, especially 
in the glans, but otherwise its structure is practically ihe same. With the exception of the bulb, 
it is traversed by the cavernous portion of the urethra (seepage 1,^8). 

The bulb of the urethra (Figs. 482, 48,1, 491, and 492) is the club-shaped thickened posterior 
extremity of the corpus cavemosus of the urethra. It is approximately pear-shaped and about the 
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size of a hazelnut, and presents a [X)orly developed sulcus^ which indicates a separation of the bulb 
into two hemispheres (Fig. 492), these structures being more distinctly defined, however, in the 
interior of the bulb by the srpium of the bulb. The bulb lies upon the inferior surface of the 
urogenital trigone, between the two crura, and is firmly adherent to the inferior fascia of the trigone. 
At the junction of its anterior extremity with the slender Ixxly of the corpus cavemosum of the 
urethra it is in relation witli the membranous urethra, which enters the corj)Us cavemosum at this 
])oint, while the bulb remains unperforated. The inferior surface of the bulb is entirely covered 
by the bulbocavemosus (see page 16c). 

The long slender middle-j;iece or body of the corpus cavemosum of the urethra (Figs. 491, 492, 
and 494) is lodged in the urethral sulcus UjKjn the inferior surface of the corpora cavemosa penis. 
It is markedly flattened in the dorsoventral direction and is rather firmly adherent to tlie albuginea 
of the corjKDra cavemosa j)enis. Its entire length gives passage to the cavernous urethra (see page 
138), which is nearer its dorsal than its ventral surface. 

The anterior enlargement of the corpus cavemosum of the urethra forms the glans penis 
<Figs. 491, 492, and 495 to 497), which is covered by very thin integument, firmly adherent to the 
exceedingly thin albuginea in this situation. The glans has the shape of a short, broad, oblique 
cone with a markedly round apex, its smooth convex dorsid surface being longer than the ventral 
(urethral) surface, which is j^rovided with a shallow sulcus. The base of the glans is excavated, 
and its free rounded margin, known as the corona glandis (Fig. 491), overhangs the coq^ora caver- 
nosa of the penis, which i)roject into the excavation. The groove behind the corona is termed the 
neck of the glans (sulcus retroglandularis), and a fibrous j)artition, the septum of the glans (Fig. 
497), extends upward from the lower surface of the albuginea to the urethra. The erectile tissue 
of the glans, the corpus cavemosum oj the glans, is really an independent structure, the cavemous 
s])aces of which, however, are in manifold communication with those of the corpus cavemosum 
of the urethra. 

The three cor])ora cavernosii are enveloped by a common ratlier loose connective- tissue 
sheath which extends to the neck of the glans and is known as the jascia oj the penis (Fig. 493). 
It also surrounds the dorsid vessels of the penis, and at the root of the organ it passes into the neigh- 
boring fasciie without demarcation. 'I'he integument of the penis is destitute of hairs, rich in 
sel)aceous gFands, and free from fat; it is separated from llie fascia i)enis by areolar tissue. At the 
root of the penis, hairs and fatty tissue make their api)earanee, and the integument assumes the 
character of that of the adjacent mons pubis. 

The integument of thi- glans exhibits special characteristic^ (Figs. 4.S2, 483, and 493 ). In this 
situation it forms a duplii alure of varying lengtli, the prepuce. The integument firmly inve>ts the 
glans as far back as the rut k, and i> then relict tid forward from the anterior extremity of the borly 
of the j)enis, overhanging tlir glan- for a NariaMc distance (when the peni> is llaccid), so that a 
preputial >ac is fornnd wlii« li rn(l> Miinlly at the neck of the- glans. The prepuce consecpienlly 
ha«^ two surfaces, an oiilir one and an iniur om- dirrcled toward the glans, the>e surfaces becoming 
continuous at the anlirior rxlrcniily nf ilu- ]uiii^, forming the preputial annulus with a i)rej)Utial 
oril'ice of variable >i/i-. ( >vrr tin- a< tual ^iirfac i- of tin- •rians the integument is verv thin and hrmlv 
adherent to the un<ltrlying lissur: it r\liil)it*^ a ^mooth surface or «in the flaccid state) fine c-orruga- 
tions. The o])JK)sl(1 >urface of the prepuce likewi>e resembles a mucous memijrane and is moist; 
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it is attached to the sulcus upiHi the inferior surface of the ^ans by a Elender longitudinal ligament, 
the fremdum ttf the prepu<% (figs. 493 and 497), but if the preputial orifice be not too small, the 
prepuce may be drawn back so as to imcover the ^ans. 

In addition to the fixation of the crura penis to the rami of the ptibes and ischia the penis is 
also attached by two special ligaments. The fundiiorm ligament (Fig. 345) consists chiefly of 
dastic tissue; it arises from the linea alba about five coitimeteis above &e symphysis and runs to 
the dorsal sur&ce of the fasda of the penis, radiating also to both sides of the organ and extending 
to its lower surface. The suspensory ligament arises from the aateriw surface of the pubic sj-m- 
[diysis as low down as the arcuate ligament, and assists of short tesise fibrous fasciculi which run 
to the line of junction of the corpora cavernosa of the penis. 

The aiteriea of the poiIs sie deriTcd chiefly from the intenul pudlc. The donal uteiios run alongEad p ihir ^nglr 
vein In the groove between the corpora cavemosa; the profundK penis course in the intoior of ihc (.'rrrtilc bodies; ibr 
artery of the bulb supplies Ihc bulb and the bulboutcthral glands; and the urethral artery nourishes the urethra and its 
corpus cavemo5um. The integument at the root of the penis also receives branches from the external pudic and posteriot 

The superficial veins form one or more subcutaneous vessels, which arc situated chiefly upon the dorsum of the organ 
and empty into the great saphenous vein. The deep veins consist of the single vena dorsalis penis (sublasdalis), wliich 
is composed principally of the veins of the glans atid of the circumflex veins. It empties into the pudendal plexus. The 
deep veins situated within the corpora cavernosa form the main origins of ihe internal pudic veins. 

The lytnphalic vessels arc numerous; they arc subdivided into a superficial and a deep set and run to the inguinal 

The nerves are furnished partly by the ilio-inguinal and partly by the pudic, the latter supplying the organ by means 
ot the perineal nerve and the dorsal nerve of the penis. A large number of sympathetic filaments from the pelvic plexuses 
pass to the penis, especially to its cavernous tissue. 

THE FEMALE SEXUAL ORGANS. 

The female internal genitalia. 

the ovary. 

The ovary (Figs. 498 to 504 and 508) is the female genital gland. Like the testis, it is a 
paired organ, but it is much smaller; its shape is that of a markedly fattened, irregular ellipsoid. 
Its size varies not only according to age and sexual activity, but also exhibits marked individual 
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variations; its greatest length is 2.5 to 5.0 cm., its breadth 1.5 to 3.0 cm., and its thickness 0.6 to 
1.5 cm. The surface directed toward and largely covered by the tuba uterina (Fallopian tube) 
is known as the internal surface, while that applied to the wall of the pelvis is known as the external 
surface, both surfaces being connected by rounded borders. The markedly convex and broader 
free border is directed backward and somewhat inward; the border attached to the mesovarium 
(see page 78) is known as the mesovarian border, and is straighter and is directed forward and 
outward. It presents the site of entrance of the vessels and nerves, the liilus of the ovary, which 
has the form of a groove of varying depth. One extremity of the ovary which is markedly rounded^ 
looks upward toward the infundibulum of the tuba uterina; it is termed the iubal extremity ^ 
while the slightly pointed end, which looks downward and is attached to the uterus by the ovarian 
ligament, is known as the uterine extremity. 

The surface of the ovary is either perfectly smooth, or else uneven and dimpled by scar-tissue 
according to the functional condition of the organ. It is quite hard and is whitish in the cadaver 
and reddish gray in the living subject. 

The ovary is situated in the true pelvis in such a manner that its longitudinal diameter is 
almost vertical (Figs. 498 to 503). The uterine extremity is below and is directed somewhat 
forward and inward, while the tubal extremity is above and is directed backward and outward; 
the external surface looks outward and somewhat downward and the internal surface looks inward 
and also slightly upward. The tubal extremity lies immediately below the terminal (iliopectineal) 
line (in relation with the inner margin of the psoas major and the external iliac vessels) not far from 
the sacro-iliac syncKondrosis, in a more or less well developed depression in the lateral pelvic walU 
the ovarian fossa. This is bounded in front and above by the internal iliac artery and behind by 
the ureter and uterine artery, and laterally and therefore in the bottom of the fossa are the obtu- 
rator vessels and nerve. The position of the ovar\' is dependent to a limited degree upon the posi- 
tion of the uterus. Not infrequently the two ovaries are unsymmetrically placed, one being 
higher than the other, particularly in oblique positions of the uterus. 

The fundus of the uterus is connected with the uterine extremity of the ovary by a musculo- 
fibrous cord, the ovarian ligament (Figs. 300 to 504 and 508), which runs between the two layers 
of the broad ligament (see page 80). The tubal extremity is attached to the infundibulum of 
the Fallopian tube by the fimbria ovarica (the injundibido-avarian ligament), and also has attached 
to it the suspensory ligament of the ovary (the injiindibulo pelvic ligament), a musculofibrous cord 
which descends from the false pelvis and contains the ovarian vessels and nerves. 

The ovary is attached to the posterior lamina of the broad ligament (see page 80), the 
epithelium of which becomes the germinal epithelium of the ovar\s with which it is continuous at 
the hilus. 

In the substance of the ovary a cortical and a medullary ])ortion may be distinguished. The 
cortex is present over the entire surface e.\cei)t at the hilus, and attains its greatest thickness at 
the free border of the organ. It is characterized by the occurrence in it of vesicular structures, 
the Graafian follicles ijolliculi oophori vrsiculosi) (Fig. 508), or of the i)roductsof their metamor- 
phosis, the corpora lutea. The ovarian medulhi is not sharply marked off from the cortical portion 
and contains chiefly the larger vessels of the organ. 
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The ovary is supplied by two arteries which anastomose with each other, (i) the ovarian artery, derived from the 
aorta and passing to the organ in the suspensory ligament, and (2) the ovarian branch of the uterine arter>'. 

The veins of the ovary correspond to the arteries. The ovarian veins form the pampiniform plexus and pass either 
to the inferior vena cava or to the renal vein, and the remaining branches empty into the uterine vein. At the hilus of the 
ovary the veins form marked plexuses between the two layers of the mesovarium {bulbus ovarii). 

The lymphatic vessels pass to the lumbar glands, and the nerves of the ovar}- arc sympathetic filaments which follow 
the course of the ovarian artery. 

THE TUBA UTERINA (FALLOPIAN TUBE). 

The tuba utcrina (Fallopian tube) (Figs. 498 to 504 and 508) is a paired, cylindrical, muscular 
canal, 10 to 15 cm. long, which pursues a distinctly tortuous and markedly curved course in the 
upper margin of the broad ligament (see page 78). It serves to connect the ovary with the uterus, 
but is attached directly only to the latter structure. It commences at the ovar}- by a round opening 
leading directly into the abdominal cavity, the abdominal orifice (ostium abdominale), which is 
situated at the apex of the funnel-shaped injundibulum. This is a prolongation of the tubal wall, 
the inner surface of which is thrown into marked folds and wliich ends in a number of fimbria of 
var\'ing length, so that the margin of the infundibulum seems to be frayed out. A particularly 
long fimbria runs to the tubal extremity of the ovar\', usually forming a groove; it is termed the 
fimbria ovarica (injundibulo-ovarian ligament, see page 143), and its mucous folds are especially 
well developed. It is opposite the inner surface and the free border of the ovar\- . 

Immediately succeeding the abdominal orifice of the tuba is the ampulla, which is wider than 
the portion lying nearer the uterus and is characterized by possessing flexures and strongly marked 
mucous folds. It commences with an acute flexure at the tubal extremity of the ovar}', and then 
runs almost vertically downward along the lateral pelvic wall parallel to and just in front of the 
mesovarian border of the ovar\\ 

The tuba then bends at a right angle and becomes continuous with the approximately straight 
isthmus, which pursues an almost horizontal course to the uterus, running inward, forward, and 
somewhat downward, and j)resenting a concavity which is directed u])ward. The narrowest por- 
tion, which runs [)artly within the uterine substance, is known as the uterine portion; its caliber is 
ver}' small and it empties into the uterine cavity by a punctiform opening, the uterine orifice (ostium 
uterinum) of the tuba. The entire tube consequently consists of a short, i)ractically horizontal 
uterine i>ortion and of a longer vertical ovarian ix)rtion. 

The relations of the tuba utcrina are determined bv those of the ovarv, uterus, and broad 
ligament (see page 80). 

The wall of the tube consists, in the tlrst i)hire, of tlie serous coat derived from the broad lig- 
ament, and the U])per jx^rtion of the broad h*;zanient, which furnishes this serous coat, is conse- 
quently also termed the mesosalpinx (Fii^. 504") (see pat^e 78). Tlie terminal j)orli()n of the tu])e 
has no serous covering, since it is enclosed by the uterine wall, and the alxlominal extremity or 
infundibulum [)roje( ts beyond the broad ligament. Beneath the serous coat i*^ a subserous fibrous 
coat, then a muscuhir coat consisting of a longitudinal and a circular layer, and finally a mucous 
coat. In the ampulla and isthmus of the tube this mucous coat is characterized by longitudinal 
folds, the pliccr tubari(r, which pass through the alwlominal orifice to become continuous with the 
inner surfaces of the infundibulum and of the fimbri:e. In the ampulla, where they are known 
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Fio. 5C4. — The utarm with the broad ligunents, tube uterince, and omiea, wean from bthlBid. 

F108. 505-S07.— Transvene sectioDS thtouf^ the iniddle(Fig. 505) and knrcr end (Fig. 506) of Ae bq&f 

and thrauf^ the cervix (Fig. 507) of the uterus. 
Flo. 508. — A frontal section of the uterus, the tuba ut«dna, ibt ovaiy, and die iqiper put at Ae vagbtt. 
FlO. 509. — ^A sagitt^ section of the uterus-and the uppn' part of the vagina. 

as the plica ampiiUares (F^. 508), they are particulariy kmg and are ramified so that the famun of 
the ampulla becomes a ccxnplicated labyrinth composed of numerous caf^llary q)aces. In Ac 
isthmus the folds are longitudinal and have no branches, and in the uterine portjon of the tubetfaCT 
are either absent or almost entirely so. 

Tbe arteile* for the tubs uterine are mij^ed b]' the ormrian and the uterine (the tubal bnndiea). ^1^ ponw a 
ouved coune along the tube and anartomoie with each other. Tlw vont of the Mme name hold rfndlar xidMfaM^ 

Hm lymfdutic Ytiieli of the tube probabljr paaa to the lumbar l7in[d>atic ^anda, and die nenea are iliiitml fmtAr 
bom the aympathetic filaineati foe the vnrj and paitlf from the uterovi^bial plexui. 

THE EPOOPHOACW ARD OTHER APPENDAGES OF THE FEHALE UTTERNAL GBNITAXIA; 

The epodphoron (parovarium) (Fig. 508) corresponds to the epididymis of the male and is the ' 
remunsofthegenital(proximal)porti(»iof the Wolffian body (see page 125). It issitu.itcd in the 
outer portion of themesosalpinx and consists of six to twelve approximatdy parallel tubules, 1 101.5 
cm. in length, the transverse ducts of the epodphoron, which pass into a longitudinal blind canal, 
the lengiludinal duct, lying adjacent and parallel to the tuba uterina. The longitudinal canal is 
the remains of the anterior portiem of the Wolffian duct (see page 125) and is not as constamly - 
present as the transverse tubules. Although varying somewhat in the degree of its development, ' 
the epo6phoron almost always persists to adult lite. I 

The paroophoron, on the contrary, is distinctly demonstrable only up to the first year; it is 
the remains of the distal portion of the Wolffian body and corresponds to the paradidymis of the 
male. It is a small, flattened, rounded structure, and is situated in the mesosalpinx to the inner 
side of the cpoophoron. 

Much more constant are the appendices vesiculosa {hydatids of Morgagni) (Figs. 504 and 508), 
which are only rarely absent. They are attached cither to the free margin of the mesosalpinx or 
to one of the fimbriie, and are pedunculated vesicles, filled with fluid, about the size of a small pea. 
The pedicles frequently attain a considerable length. 

THE UTERUS. 
The ulerus (Figs. 498 to 509) is a hollow, muscular, pear-shaped body, situated in the tnie 
pelvis. lis larger upper portion is termed the body or carpus uteri, and the smaller lower one the 
neck or cervix uteri, these two portions being separated by a constriction which is the narrowest 
part of the organ. The portion of the body which projects markedly above the entrances of the 
tubes is known as the fundus, and as the uterus is markedly flattened from before backward, an 
anterior and a posterior surface and two lateral margins may be recognized in it. The anterior 
surface is known as the vesical surface, the posterior more convex one as Ihe inleslinal surface, and 
the lateral margins as the right and the left. That portion of the cer\-ix which projects into the 
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vagina is termed the vaginal portioriy while that situated above the vagina is called the supravaginal 
portion. 

The thick uterine wall surrounds a relatively small cavity (Figs. 508 and 509) in the body of 
the organ termed the uterine cavity^ and in the cervix known as the canal oj the cervix. The junc- 
tion of the two portions is at the internal os uteris the narrowest portion of the uterine lumen, corre- 
sponding to the constriction between the body and the cer\'ix. The uterine cavity is merely a cap- 
illar}' space anteroposteriorly, but it has some extent in the transverse direction. It is irregularly 
triangular in shape, one angle being at the internal os and the other two at the internal orifices of 
the tubaj uterinae, the line connecting the latter points being the shortest side of the triangle. 

The canal oj the cervix (Figs. 508 and 509) is approximately cylindrical, being slightly dilated 
at its center; it begins at the internal os uteri and opens into the vagina through the external os 
uteri. The external os of a nullipara as seen from the vagina is either a short transverse slit with 
smooth margins or a smooth round opening (Figs. 500, 501, and 510); in women who have borne 
children it is irregularly circular and exhibits a number of notches. Its thick margins are termed 
the lips (labia), the anterior being shorter and at a lower level than the pos.erior one. They are 
covered by the smooth vaginal mucous membrane and form the vaginal portion of the cer\'ix. 

On account of its intimate connection with the vagina the cer\ix of the uterus may be regarded 
as stationary, while the body is movable. The ix)sition of the internal os uteri is consequently on 
the line about which as about a transverse axis the body moves upon the cervix. The position of 
the uterus is essentially dependent u{X)n the degree of distention of the bladder; when this viscus 
is empty, the uterine body is bent ^anteriorly ui)on the cervix (anteflexion); when it is full, the uterus 
straightens out so that the axes of the body and cervix more nearly correspond. In addition to this, 
the uterine axis is not placed vertically in the pelvic cavity, but passes obliquely from above down- 
ward and from before backward, so that the uterus seems **anteverted." These circumstances 
explain the varying levels of the lips of the external os (see also page 152). The uterus is not, as a 
rule, situated exactly in the median plane, but is inclined either to the right or to the left, so that 
the fundus is not directal exactly anterior hut to one or the other side (sinistroversion, dextro- 
version). 

The i)erit()neal covering of the uterus iFigs. 500 to 503) is derival from the broad ligaments 
i^ce jxige 77). w]n(h a])])r()ach its lateral margins: the j)erit()neuni invests its entire i)Osterior sur- 
fiuf, the posterior li]) of the external os, and also the ]K)steri()r aspect of the up])er portion of the 
vagina. Ujxm the anterior surface, however, tlie j)erit()neal coat extends onfy to the level of the 
internal os, so that it is only the uterine IkmIv which is completely envelo])ed, the entire anterior 
surface of the cervix bein*; uncovend by ju'ritoneum. The ])erit()neal coat of the vesical surface 
passes over the fundus to beiome continuous with that of the intestinal surface without demar- 
cation. 

The uterus is situated in the central ]K)rti(>n of the true pelvis and its ve>ical surface is always 
in contact with the urinary bladder. The cervix is rather firmly connected with the i)Osterior 
vesical wall, but the Ixxly is separated from the bladder by the vesico uterine fold of peritoneum. 
In the normal iX)sition of antellexion this vrsiro-utvrinr ptunh is a ca])illary s])ace and never con- 
tains intestinal coils, so that the bfxly of the uterus must follow the bladder in its varying degree 
of distention. The toj) of the uterine fundus extends upward to about the level of the transverse 
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vesical fold. The intestinal surface of ihe uterus is usually in relation with the intestinal coils J 
situated in the recto- ulcrint pouch, but when the bladder and rectum are full it is in contact with 2 
the anterior rectal wall. 1 

The portion of the uterus uncovered by peritoneum exhibits the following relations. At the ] 
junction of the supravaginal and vaginal portions of the cervix the vaginal mucous membrane is , 
inserted, the musculature of the vagina being directly continuous with that of the uterus. The | 
relations of the vaginal [x»rtion of the cervix within the vagina will be considered later on ; those of J 
the supravaginal portion arc largely dependent upon the nature of the fixation of this portion of i 
the uterus, the anterior surface of the cen'ix being in relation with the posterior vesical wall and 
with the ureter, the latter structure being about one centimeter distant. The main vessels pass 
to the lateral margins of the uterus. 

The size and shape of the uterus varj' according to its age and function. The infantile uterus 
is proportionately very small and docs not grow much until puberty, and. compared with Ihe cer- 
vix, the body is very small, broad and flat. The virgin uterus and that of a nullipara is stiU rela- 
tively small and the tx)dy and the ccr\'ix are of almost equal size, but after the birth of a child the 
body always remains larger and broader than it was before pregnancy, and the fundus is more 
markedly curved. During the later years of life, after the cessation of the function of the vist-us, 
the cervix undergoes retrograde changes while the body remains large. 

In nullipara? the entire length of the uterus is 5 to 8 cm., about 4 cm. being taken up by the 
body. The greatest width of the Ixxiy is 3.5 to 4 cm., and the greatest thickness a. 5 to 3 cm. In 
mullipane the entire length is 6 to g cm.; the Ixxly is 4.5 cm. long, the cervix 2.5 to 3 cm. long. 
The greatest thickness of the body is 3 cm. The uterus of childhood is only 2 to 3 cm. long. 
During pregnancy the uterus exhibits an enormous increase in size. 

The uterine wall is composed of three layers (Figs. 505 to 509), the serous coat {perimetrium), 
the muscular coat (myomclrinm), and the mucous coat irndoiwlrium). The peritoneum which 
forms the serous coat is firmly adherent to the muscular coat without the intervention of any 
subserous tissue, and the musculature is extraordinarily thick, being the largest aggregatioa of 
non-striated muscle in the body. It is irregularly arranged and some of the fibers pass into the 
uterine ligaments of fixation without demarcation. 

The uterine mucous membrane is also intimately adherent to the underlying musculature, a 
submucous layer being absent. In the uterine cavity it is smooth, but in the canal of the cervix 
it forms a system of folds {Fig. 508), the plic(e palmatx upon the anterior and posterior walls, 
which are not obliterated by traction. Each system consists of a median longitudinal ridge with 
lateral transverse or oblique folds, the longitudinal fold ujxin the anterior wall being situated 
slightly toward the right, that of the posterior wall more to the left. The uterine mucous mem- 
brane contains the uterine glands; within the cervix they arc known as the ccr\-ical glands. The 
surface of the \'aginal portion of the cervix is invested by the \'aginal mucous membrane. 

The paramelrium is the connective tissue along the sides of the cervix; it is rich in fat and con- 
tains the main arterial ramifications for the uterus. It is continued as a subserous connective 
tissue upon the posterior and lateral surfaces of the cervix where the peritoneum is not so firmly 
adherent as is the case upon the uterine body. 

Since the uterus is situated centrally in relation with the neighboring portions of the female 
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genitalia, the latter are designated as the uterine adnexa. They consist chiefly of the broad liga- 
ments and their contents (the ovaries and the tubes). 

The uterus is held in position by a number of ligaments. The broad ligament {Jigamentum 
latum) (Fig. 504) is a paired structure derived from the peritoneum, and more or less completely 
envelops the uterus and tubes. It is attached to the lateral margins of the uterus and consequently 
forms the mesometrium. The chief fixation of the uterus, however, is due to its intimate con- 
nection with the vagina and its consequent attachment to the pelvic floor. (Further details in 
reference to the broad ligament will be found in the description of the peritoneum upon page 77.) 

In addition to the broad ligament, the uterus possesses other ligaments which are to be regarded 
as a continuation of its musculature. The most important of these is the rou7td ligament (Jiga- 
mentum teres) (Figs. 500 to 503), which is essentially a cylindrical or slightly flattened muscular 
cord, 12 to 15 cm. in length, which takes origin upon either side from the anterior surface of the 
uterus in the vicinity of the uterine extremities of the tubes, and runs at first almost horizontally 
and then forward and downw^ard between the two layers of the broad ligament, covered mainly 
by the anterior one. It then passes forward and outward along the lateral pelvic wall, enveloped 
in a fold of peritoneum, like the vas deferens in the male, to the abdominal inguinal ring, and 
after traversing the inguinal canal, it passes out of the subcutaneous inguinal ring to gradually dis- 
appear in the fatty tissue of the labium majus. In the vicinity of the uterus the ligament is thickest 
and consists solely of connective tissue and non-striated muscle, but in its course through the 
inguinal canal it usually receives fasciculi of striated muscle fibers from the obliquus abdominis 
intemus and the transversus (analogous to the cremaster in the male), which are continued upon it 
for a varying distance, frequently extending almost to the uterus, but never passing externally 
beyond the inguinal canal. The ligament extends about 2 cm. outside of the inguinal canal. 
Along with it nm the external spermatic vessels of the female. 

Similar continuations of the uterine musculature are the mm, rectouterini (Fig. 504), which 
run in peritoneal folds of the same name (see page 84), and connect the superficial musculature 
of the rectum with that of the uterus. The uterosacral ligaments are connective- tissue fasciculi 
which accompany the muscles in the similarly named i)eritoneal folds to the region of the second 
and third sacral vertebra?, where they fuse with the periosteum. 

The arteries of the uterus are the uterine branches of the internal iliac. They run in the base of the broad ligaments, 
crossing the ureters 2 cm. from the margin of the uterus and pass inward to the parametrium and the lateral surface 
of the cer\'ix, along which they run, becoming markc<ily tortuous (particularly after pregnancy) and rather closely applied 
to the uterine wall. 

The veins form the uterine plexus, a portion of the utero-vaginal plexus. They at first accompany the arteries in 
pairs, but subsequently form single veins which empty with other venous trunks into the internal iliac vein. 

The lymphatic vessels of the cervix empty into the inferior hypogastric glands, while those of the b<xJy run to the 
superior hypogastric and partly also to the lumkir glands. 

The nerves arc derived partly from the third and fourth sacral nerves and partly from the sjTnpathetic pelvic plexus. 

THE VAGINA. 

The vagina (Figs. 500 to 503 ana 508 to 510) is a rather capacious and markedly dilatable 
musculo-mucous canal, which extends from the uterus to the external genitalia. When collapsed 
it is markedly flattened from before backward, so that its lumen corresponds to the letter H, the 
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anterior and posterior walls being in contact, while small recesses occur on either side. The an- 
terior wall is usually concave posterioriy, the posterior wall being correspondingly convex anle- 
rioriy. 

The anterior wall is shorter than the posterior, and is about 6 to 7 cm. in length, the posterior I 
wall being about 1 5 cm. longer. This is due to the fact that the axis of the cervix holds an oblique 
relation with the axis of the vagina, the vaginal portion of the cervix projecting into the vagina , 
in such a manner that the lips of the external os are of unequal length (Fig. 509), The anterior , 
wall is inserted Into the base of the short anterior lip and the posterior wall into the longer pos- I 
tenor lip, so that the vaginal wall is firmly attached to the uterine wall and the vaginal mucous 
membrane is immediately reflected upon the lips of the external os (see page 149). In this man- 
ner there is formed a narrow circular space between the external os and the vaginal wall, the fornix 
of the vagina (Figs. 500 to 503 and 509), that portion of it lying in front of the external os uleri 
being termed the anterior jornix, that behind the extemal os the posterior jornix, and the inter- 
vening space the lateral jornix. On account of the great length of the posterior lip of the extemal 
OS the posterior vaginal fornix is the deepest. The vagina is extremely dilatable, so that both ili J 
length and its breadth are subject to great variation; in virgins and nuUiparx it is of smaller cab'ba' f 
than in multiparae, and its entrance or inlroitus is always the narrowest portion. 

The anterior vaginal wall is in contact with the fundus of the bladder and with the urethra, 
and is rather firmly adherent to both of these structures. It is also intimately related with the 
ureter, which is situated between the upper portion of the anterior vaginal wall and the bladder. 
.'^bout 1 to 1.5 cm. of the upper portion of the posterior vaginal wall (the posterior fornix and tlie 
contiguous portion of the lateral one) are invested by the peritoneum of the recto-uterine pouch 
(see page 77), but the remaining portions have no peritoneal covering whatever. The lower 
portion of the posterior vaginal wall is in contact with the rectum, but the upper portion is sep- 1 
aratt-d from this structure by ihe recIo-ulennL' ixjuch.* The lateral walls of the vagina are sur- 
rounded by a venous plexus and, lil;e the entire vaginal circumference, are in contact with the mus- 
cles and fascia of the pelvic floor, especially with the urogenital trigone and the levatores ani 
(see page 1 56). The lower portion of the vagina is surrounded by the sphincter-like fibers of the 
mm. bulbocavcmosi (Figs. 500 to 503) (see page 160}. 

With the exception of the posterior vaginal fornix, which possesses a serous coat, the vaginal 
wall consists of a fibrous, a muscular, and a mucous coat. The fibrous coat is adherent to the 
neighboring viscera (the bladder, the urethra, and the rectum), and the muscular coat is wdl 
developed, though weaker than that of the uterus, with which it is directly continuous at the attach- 
ment of the vagina to the cervix. The mucous membrane contains no glands, and a submucous 
layer is wanting, as in the uterus. U[>on both the anterior and the posterior vaginal walls the 
mucous membrane forms curved transverse folds, the vaginal ruga: (Figs. 508 and 510), which 
together with a longitudinal elevation on each wall form the columncr rugarum (anterior and ^i- 
lerior). The lower portion of the columna rugarum anterior is especially prominent and is pro- 
duced by the lower portion of the urethra, which projects into the vagina as the urethral carina 
(Fig. 510) and is even visible in the vaginal vestibule. The folds of the vaginal mucous mem- 



This pouch occasionally contains cnils of sm.i[l intestine, which then bold a rclalion to the vagina. 
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brane are rather firm and sharply defined in virgins, but they gradually disappear after repeated 
births; the mucous membrane covering the vaginal portion of the cervix possesses no folds 
whatever. 

At the vaginal entrance of virgins a fold proceeds from the posterior vaginal wall which is 
known as the hymen (hymen jeminus) (Fig. 512). When tense, it is usually sickle-shaped, since 
it generally disappears upon the lateral wall of the vaginal entrance, but it is not infrequently 
continued around the anterior circumference of the vaginal entrance, so that it is circular with an 
eccentric opening. The margin of the sickle-shaped hymen is usually smooth, while that of the 
circular one is frequently notched (hymen fimbriatus), and the opening in the fimbriate hymen is 
rarely central. When the thighs are adducted the opening of the (sickle-shaped) hymen appears 
like a median fissure, the lateral portions of the hymen being thrown into folds. The hymen is 
usually torn during the first coition, but its remains persist for a long time, and, particularly after 
the birth of a child, they form short irregular lobes or warts, the carunculcB hymenales (Fig. 510). 

The upper portion of the vagina is nourished by the uterine artery, which runs in the immediate proximity of this 
portion of the lateral vaginal wall on its way to reach the uterine cervix. The middle portion receives the inferior vesical 
artery, and the lower portion is supplied by the middle hemorrhoidal and the internal pudic arteries. 

The veins, like those of almost all the pelvic viscera, form a plexus upon the vaginal wall and empty into the internal 
iliac vein. 

The IjTnphatics of the lower portion of the vagina and of the region of the hymen psiss with those of the 
labia minora to the inguinal glands and partly also to lymphatic glands situated within the pelvis. The lymphatics of the 
middle portion pass independently to the hypogastric and iliac glands, while those of the upper portion empty into the 
same glands along wth the lymphatics of the cervix. 

The nerves for the lower portion of the vagina are derived from the pudic, those for the upper portion from the 
nerves for the uterus (see page 151). 

The female External Genitalia, 
the vulva (pudendum muliebre). 

The vulva (Figs. 510 to 512) is essentially the slightly transformed urogenital sinus (see page 
127). It consists of a median fissure, the rima pudcndi, and its boundaries, the labia majoray 
these latter being thick cutaneous folds, rich in fat, which var\' in their development in different 
individuals and are connected anteriorly and posteriorly by less distinct folds, the anterior and 
posterior commissures (Fig. 512).* They are situated below the mons pubis, a region which is 
prominent on account of the development of its fatty tissue and is covered with hair. Posteriorly 
they extend to the perineum, and laterally they are separated from the inguinal regions by cu- 
taneous sulci. The external surfaces of the labia majora exhibit the usual characteristics of the 
integument; they possess a lar<];e number of sebaceous glands and a sparing number of large 
hairs. Their inner surfaces resemble mucous membrane and rarely possess hairs, although these 
structures may be present at the mar^ijins of the labia. The labia majora are in contact when the 
thighs are adducted, but they gape in multipara?. The round ligaments of the uterus terminate 
in their fatty tissue (see page 151). They are 7 to 8 cm. in length, and their greatest breadth is 
2 to 3 cm. 

* The iKJstcrior commissure b rarely distinctly developed, in contrast with the anterior one, which b almost always 
demonstrable. 
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FiG. 510. — ^Va^na and external genitalia of a woman iriio had borne diildniL 
The TsginB bu been opened from lu lateral walL 

Fio. 511. — Erectile structures of the franale urogenital sinus and the greater vestibiilar ^ands. 
Hie bulbocavemonis hu been U^dy lemoved; the lalwa minon have been ula i aeA op to tba gw^ wi cB «( 
cliioria. 

Fm. 513. — ^The external genitalia of a virgin of d^teen ye»a. 

The labia minora (Figs. 500 to 503, 510, and 512) are similar cutaneous folds, but they arc'u 
ally much shorter, narrower, and lower than the labia majora.- They are situated in the sagil 
plane and are approximately parallel to the inner surfaces of the labia majors. They contaji 
particularly large nimiber of sebaceous glands and veins, are entirdy destitute of hair^ a 
the lanugo hairs being wanting, and their connective tissue contains no fat. Their outer sur& 
are directly continuous with the inner surfaces of the labia majora, and their bordeis are siibj 
to graat individual variation, exhibiting lobules or notches, and the two surfaces are fiequen 
wrinkled and uneven. The labia minora as a whole also exhibit many individtial and lac 
peculiarities. When markedly developed they may project beyond the labia majora. and pttitni 
from the rima pudendi,* or the two labia minora may be of unequal size. 

As a rule, they are highest near their anterior extremities, and they gradually beoKne loi 
as they pass backward and disappear in a small transverse fold, the jrenulum of the labia (F^. 51; 
situated in front of the posterior commissure. This structure is generally absent in -multipai 
since it is usually torn during birth. In vir^ns and women who have not borne childTen there 
also a shallow depression between the frenultmi and the perineum, the fossa navieuians (Joi 
tieslibuli vagina) (Fig. 512), which, in the vii^n, is limited anterioriy by the hymen. As the lali 
minora pass anteriorly they suddenly become narrower, and do not reach to the anterior oammi 
sure, but extend only to the clitoris, the glans of which they enclose, to form the prepuce and fre 
Ilium of the clitoris. The labia minora arc 25 lo 35 mm. long and 3 to 5 mm. thick; their greate 
height varies between 8 and 15 mm. 

The area bounded laterally Ijy the labia minora is the female urogenital sinus and is termed tl 
vestibule 0} the vagina. In its most anterior and sujicrior portion is situated the clitoris, a structui 
which in shape and ]x>sition corresiwnds to the penis, but is in reality comparable only to tl 
corpora cavernosa penis. It differs from ihc penis in that it is much smaller and is not perforate) 
but merely groo\'cd upon its under surface by the urethra. The crura of the clitoris arise from tl 
junction of the pubis with the ischium and arc composed of the body of the clitoris and of the gtat 
clitoridis. The clitoris is composed of two elongated erectile bodies, the corpora cavernosa of ll 
clitoris, whose general structure corrcsiK>nds to that of the corpora cavernosa penis, and, like tl 
latter structures, they are similarly covered by the mm. ischiocavcmosi (sec page 160). The bod 
of the clitoris is flattened from side to side, and the two corpora cavernosa are firmly adherent I 
each other, so that they arc separated only by an incomplete septum. Like the corpora cavemos 
of the penis, they arc surrounded by a fascia, the fascia of lite clitoris, and the clitoris also possess! 
a suspensory Ugamenl. At the junction of the crura with the body of the clitoris at the lower mai 
gin of the pubic symphj-sis, the clitoris bends at an acute angle (almost a right angle)) the angle t 
* The soKsiUed Hottentot aproa. 
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the clitoris, so that its body holds almost a vertical position beneath the labia majora in the region 
of the anterior commissure (Figs. 502, 503, and 510). In contrast with the corresponding curve 
in the flaccid penis in the male, this angle of the clitoris is unchanged by the erection of the organ. 

The slightly thickened rounded or ix)inted anterior extremity of the clitoris, the glans (Figs. 
510 to 512), protrudes into the anterior extremity of the genital fissure (Fig. 512), and is surrounded 
by the integument which lines the entire vestibule of the vagina. The labia minora join in front 
of the glans to form a long prepuccy which usually projects beyond the end of the glans, while 
behind the clitoris they form a small fold, the frenulum, which gradually disappears ui)on the lower 
surface of the glans. 

Immediately behind and below the frenulum of the clitoris the vestibule of the vagina pre- 
sents the external orifice 0} the urethra (Figs. 510 to 512), which is usually situated uix)n a slight 
elevation, the urethral papilla. It is a small orifice irregularly ]>ounded by lobulated or serrated 
margins which are usually situatwl in the sagittal plane, and behind and below it is situated the 
entrance of the vagina (see page 152). 

The integument which lines tlie vestibule of the vagina somewhat resembles a mucous mem- 
brane. It contains small mucous glands, the lesser vestibular glands, some of which oi)en into 
small pit-like depressions. A well-developed duct is rather constantly found to either side of the 
urethral orifice; these are known as the paraurethral ducts (Fig. 512) and belong to glands situated 
within the urethral wall. 

The vestibule also contains the orifices of the excretory ducts of the larger vestibular glands 
(glands oj Bartholin), these being situated at the junction of the posterior and middle thirds of the 
lateral circumference of the vaginal orifice, and at a i)oint where the skin of the vestibule passes 
into the vaginal mucous membrane (Fig. 512). They are anterior to the hymen when this struc- 
ture is present. The gland itself corresponds in structure to the gland of Cowper in the male; 
it is frequently somewhat larger, however, and is elongated and flattened. It is situated at the 
jX)sterior extremity of the bulbus vestibuli at the lateral circumference of the vaginal entrance, and 
is coverwl by the integument of the vestibule (from which it is separated by a distance of i to 1.5 
cm.) and by the m. bullx)cavernosus. 

The bulbus vestibuli (Figs. 510 and 511) is an erectile Ixxly, homologous with the bulb of the 
corpus cavernosum of the urethra in the male, and consists of two almost entirely separated halves, 
flattened from side to side, thickened at their posterior extremities and situated on either side 
of the vaginal orifice. Anteriorly they become narrower and are connected by a venous plexus 
situated between the urethral and the vaginal orifices, so that the two bulbs form a horseshoe which 
is ojx?n posteriorly and inferiorly, /. e., toward the vaginal orifice. They resemble a cavernous 
plexus rather than erectile iMxlies, and do not po^sos a true tunica albuginea. 

The sui)erior and anterior lK)rder of the bulbus vestibuli is in contact with the trigonum 
urogenitale; the inferior lK)r(Kr is >ituale(l in the bast- of the labia mnjora. 

'Vhr. grt-aliT jM)rti<>n of iho l)l«M«l-,\ip|ily «if tin' fi iiiali- «\ti.Tnal yinilalia i-^ ^Irrivrd from thr internal piulic artrry, 
a smaller |K)riiun coming from thr frnioral arury. 'I'hc aniirior ]lalv^■'^ i>f the laliia majora arr Mii)j)lif<l l»y ilu* anterior 
lahial liranrhrs of \hr external p\i«lii' (hum llie fi inoraH, wliile tlii' posterior halves reeeive ihr poNti-rior laltial bran* hes 
of the internal pu<lir. The laliia min«>raare aNo nouri-lml l»y tin- ]n»-terior labial arterie>, the clitoris receives the ilor<aI 
arter>' r>f the rliioris from the internal jMnlir, while the IhiMmin M-Niihuli an<l the vestibular ^lantls receive their bran i hes 
from the artery of the bulbu^ ve>tibuli, \vhi< h ari-e*; from the internal pu«!ir. 
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The pirimam fFig. 512) b that portkn of the pcrijMal Rgioo atnUed bctvon tbe «EaJ 
and anal raiSccs in the female and brtveeo the scroiuni and the aaus in the mak. IIk mJr 
periogum b looger and nairowg than ihatf of the female, th^ iatiermemg h* gtralrr brodlh lo the 
greater width of the pclric ootlct. In both »oes tbe perineum presotls a mwn»n niAc-; esGcdalr 
wdl mailted in the male, where it b inuncdiaidy continuous with tbe rafdie of the scnttim. TV 
skin of the perineum is ridi in fat, and beneath the la>-er of fatty tisae b found the pi'*^»y—f 
cuhiute which forms tbe pelvic fltwr, 

THE PERINEAL HUSfXES. 

The pcnncal musdcs (Tigs. 4S3, 4S3. 500 to 505, and 513 to 516) include nM only the actual ] 
musdcs of the perineum, but also the striated musculature of the anus and its ridnitj-. Thcv ait I 
siriatcd volunian- muscles, some of which are the remains <rf rctrogradfcd skeletal muscles (caudil I 
mus4:les). 

The Uvator ani (F^ soc^ 501, 513, 515, and 316) b a psircd smooth mosde, the o^at erf ' 
whidi hoUs intiinate rcbtiDns with a tendinous strip embedded in the obturator fascia ovcdria^ 
Itu' olmiralrtr intimiis. ihi- Uiulint'us crch of the livaior ani ':.A/.v tine') i Fie. 513'). This h a con- 
(icnsai [lorlion 01 ihc obturator fascia, wiiich runs irom the region of the obturator canal to ibe 
spine of (he tsdiium- The levator ani arises from this strip, from the imier surface of the superior 
ramus of the pubis, .-ind from the pulws parallel to the 5>Tnphj-sis, and as the result of the marked 
bend of the pubic l>one in ihervgionof the obturator foramen, the line of origin presents a decidfd 
cuiAe. The tibcrs coming from the pubis form a compact layer, while those arising fionx the 
Icmiinous arch fomi slenderer fasciculi, frc-qutntly separated at their origins by small interspaces. 
The jxislirior ixmion of the origin of the muscle bridges over the great sacrosciatic foramen and 
its contents, iiichiding the piriformis. 

The levator ani is comi>osod of two portions which are dcsignalc-d as the m. pubococcygeus and 
the m. iliiH-tHrvf^ais. The pub<K(>ccyt;ais iFigs. 513, 515, and 516) includes the fibers craning from 
the pubis, and in the male it runs close beside the prostate lo the rectum. It passes through * 
sniall jwrtion of the libers of the sphincter ani cxUmus to reach the posterior circumference of the 
anus, when.' the greater portion of the fibers intermini;le, Ixhind the rectum, H-ith the correspond- 
ing muscle of the opposite side and with the longitudinal fasciculi of the rectal muscnilature. In 
the female (Fig. 516) the muscle fibers run dowTiwart! on either side of the urethra and vagina, are 
connected wilh the longitudinal musculature of these structures, and hold the same relation to the 
rectum as they do in the male. The larger portion of the pubococcygeus does not insert in the 
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Fig. 515. — Superficial muscles of the male perineum. 
Fig. 516. — Superficial mu-sdes of the female perineum. 
Qo the left side Ihe bullxicavennBU5 is entirely ami on Ihc righi side panly c«p<»ci). ' 
poaed only on the left side. 



rectum but passes by this structure to end in an aponeurosis whicli is attached to the anterior sur- 
face of the sacrococcygeal ligament. 

The iiiococcygeus* (Figs- 513, 515, and 316) is the larger portion of the levator, and arises 
from the tendinous arch. A portion of it inserts into the lateral margin of the coccyx, while the 
remainder joins with its fellow of the opposite side in the anococcygeal ligament (Fig. 515), a fibro- 
muscular cord which passes from the tip of the coccyx to the posterior circumference of the anus. 



ini is di-rivcd from the s, 
>r and also acts upon ihc 






rs ihe pelvic surface of Ihe muscle. The 



Arcualf UgiUHeni of piMt 




Fig. 514.— The urogenital trigone of (he nii 
faai been partly retained lo show iis (onneiliuns v 
muscle cut away so as to expose the bulboun-thra 



The coccygeus (Figs. 299, 300, and 513) is immediately behind the posterior portion of the 
levator ani and seems to be a direct continuation of this muscle. It lies upon the pelvic surface 
of the sacrospinous (lesser sacroscialic) ligament as a musculotendinous lamina. It is intimately 
connected with the levator ani, and the course of its fibers accurately corresponds to that of the 
fasciculi of the sacrospinous ligament. 

♦The name "iiiococcygeus" is juslified by the iatt that in miBl mammals it arises directly from the ilium and nol 
from the tendinous arch. 
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The muscle is supplied by the same nerve which innervates the levator ani. The muscle has retrograded to such an 
extent that it has scarcely any function whatever. 

The levator ani, the coccygeus and their fascia? form a funnel-like closure of the pelvic floor, 
the cavity of the shallow funnel being directed toward the pelvic cavity and its apex being perfor- 
ated by the rectum. This structure is known as the pelvic diaphragm, and while this is completed 
posteriorly by the junction of the muscles from either side, it presents an opening anteriorly behind 
the s\Tnphysis which is occupied by the urogenital trigone. Both the coccygeus and the leva- 
tor ani are retrograded portions of the caudal musculature of the mammalia, and additional re- 
mains of such structures are also present in the human subject as the inconstant, poorly developed, 
and partly tendinous sacrococcygeus anterior and posterior. These are situated upon the anterior 
and posterior surfaces respectively of the sacrum and coccyx, and connect the lower sacral and 
upper coccygeal vertebra?. Like the coccygeus and the levator ani they belong to the skeletal 
rather than to the visceral musculature. 

The sphincter ani eztemus (Figs. 385, 386, 515, and 516) is a single muscle which surrounds 
the anal orifice. It is 2 to 3 cm. in height and is comjx)sed of deep and superficial fibers. The 
deep fibers surround the lower extremity of the rectum and connect with the fibers of the sphincter 
ani intemus; the superficial fibers are continuous with the deeper ones and decussate in front of 
the anus in the skin of the perineum, frequently (always in the female) being intimately connected 
with the posterior extremity of the bulbocavemosus. These superficial fibers also frequently 
decussate behind the anus and pass to the tip of the coccyx, either independently or by means of 
the anococcygeal ligament. Some of the fibers also interlace with those of the levator ani. 

The space beneath the pubic arch which constitutes the anterior portion of the pelvic outlet^ 
and is left open by the pelvic diaphragm, is closed by the urogenital diaphragm (urogenital trigone) 
(Figs. 482, 483, 502, 503, 513, and 514), formed by muscles and fascia?, only a small opening being 
left beneath the arcuate ligament of the pubis. The chief constituent of the urogenital trigone 
is furnished by a lamina of striated muscle which also contains some involuntar)' musculature, 
and is termed the m. trigoni urogenilalis. Its jx)sterior larger |)ortion consists of two (j)aired) flat 
muscles, the transversi perinei profundi (Fig. 514), which become continuous with each other in 
the mt^ian line. Each muscle arises from the inferior ramus of the ischium and j)asses forward 
and inward to a median raphe in which the fibers of both muscles interlace, and lx)lh muscles are also 
intimately connected with the fascia \\\yon their lower surface, which consecjuently seems to form 
an aj)oneurosis for them. They form the j)osterior iK)rlion of the urogenital trigone, and contain 
between their fibers the bulbourethral glands, as well as numerous blood -vrssels, ])articularly 
veins. In the female the greater portion of the muscle ])asses behind the vagina and is weaker 
than in the male. 

The urogenital trigone also contains the sphincter urethrae membranaceae fFig. 514), 
which, in the adult, is more or less fused with the transversus perinei profundus. It is situated 
in the anler()sui)erior portion of the urogenital trigone, and consists principally of circular 
fibers which surround the membranous urethra (see page 137) and are intimately connected with 
the j)r()state gland Csee page 136). Lateral to these filxTs are others in which the circular arrange- 
ment is less distinct; they arise from the transverse j)elvic ligament, the inferior ramus of the 
pubis, and the inferior layer of the triangular ligament and unite behind the urethra with each 
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Other and with the anterior fibers of ihe transversus perinei profundus, many fibers of the muscle 
also radiating into the surrounding tissues. In the female these external fibers also Insert into 
the anterior and lateral walls of the vagina and may even entirely surround that organ immediately 
above the bulbus vestibuli. In the female the entire muscle is even more inseparably connected 
with the transversus pertnei profundus than in the male.* 

The musculature ol the urogenital trigooe is supplied by tlip pudic nerve. Its chief function is the compression of (he 
membranoufi urclhru, and in ttlc mwlc it !\lso compresses the bu I bouretliral glunils. 

The transversus perinei superficialis (Figs. 511, 515, and 516) is an inconstant, flat, and 
rather superficial muscle, situated beneath the perineal integument-f It arises from the inner 
margin of the tuberosity of the ischium or the adjacent portion of the inferior ischiatic ramus, 
passes almost transversely across the perineum, and um'tes with its fellow of the opposite 
side in such a manner that both muscles are connected with the anterior fibers of the sphincter 
ani extcmus and the posterior fibers of the bulbocavemosus. The muscle is frequently entirely 
wanting and is developed differently in different individuals. The direction of the muscle is 
also somewhat inconstant, but the muscles of the two sides usually form a very obtuse angle which 
is open posteriorly. It is situated within a sheath of superficial perineal fascia and its course 
usually corresponds to that of the posterior border of the transversus perinei profundus (trans- 
verse septum of the perineum, see page 16a), 

The ischiocavemosus (Figs. 491, gig, and 516) is a long, rather fiat, paired muscle, which 
is situated ujwn the lower surface of the corpus cavemosum penis or chtoridis as the case may be. 
Owing to the larger size of the corpora cavernosa penis, the muscle is much stronger in the male 
than in the female. It arises, together with the corpus cavemosum penis (clitoridis), by a fiat 
tendon from the junction of the ischium and pubis or from the contiguous portion of the ischium, 
runs upon the inferior and lateral surfaces of the corpus cavemosum, and radiates into the inferior 
and iaiural ])orlions of its liiniL-a alhiiginca. .\ nLinibur of flat fibrous fascicidi frequently pass 10 
the dorsum of the penis to unite with similar fibers from the opposite side, with the fascia penis, 
and indirectly with the suspensory ligament. 

The muscle is in contact with the lateral margins of the urc^enital trigone and with the 
bulbocavemosus, forming a groove with the latter stmcture. Its origin projects slightly beyond 
the posterior margin of the trigone. 

The transversus perinei superficialis and the ischiocavemosus arc supplied by the perineal nerve, the filaments enter- 
ing the muscles from their perineal aspects. 

The ischiocavemosus maintains the erect condition of the penis. 

The bulbocavemosus (Figs. 490, 515, and 516) exhibits greater sexual differences than 
any of the muscles of the perineum. In the male (Figs. 490 and 515) it is an arched single muscle 
which lies upon the inferior surface of the bulb and of the adjacent portion of the corpus caver- 
nosum of the urethra, a raphe extending in the median line throughout almost the entire length of 
the muscle. Its fibers are situated immediately beneath the superficial fascia and pass obliquely 
fon,vard and outward; beneath these are sagittal fibers, and the fibers next to the erectile body are 

* Thi- musculature of the urogenital trigone is described in many different ways, and some authors do not even rcct^- 
niic a transversus perinei profundus. 

t This muscle is, however, covered by the superficial perineal fascia, and in the same regioo of the perineum there is 
occasionally also a true cutaneous muscle. 
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transverse; this last group of fibers, however, is not always distinct and does not usually form a 
continuous layer. In or adjacent to the median line, the superficial fibers are connected with the 
sphincter ani extcmus and the transversus pcrinei superficialis and terminate anteriorly in two 
flat, narrow, short, tendinous strips which are inserted into the lateral surfaces of the corpora caver- 
nosa penis and into the contiguous portions of the fascia penis. The raphe of the muscle is con- 
nected with the transverse perineal septum. 

The bulbocavemosus of the female (Figs. 511 and 516) differs from that of the male prin- 
cipally by being perforated by the vagina, which it surrounds like a sphincter, immediately above 
the introitus (sphincter vagina). The greater portion of the muscle is situated upon the posterior 
and lateral vaginal walls, only the tendinous junction of the two muscles lying in front of the vagina 
and between it and the urethra. The muscle covers the greater vestibular glands and the bulbus 
vestibuli, with which its muscular fasciculi are intimately associated. As in the male, the muscle 
is connected posteriorly with the sphincter ani extemus and the transversus perinci superficialis; 
anteriorly the prolongations of it extend to the crura of the clitoris and also to the other structures 
in this vicinity, and, it is also in immediate contact with the base of the labia minora. 

The bulbocavemosus is also supplied by the perineal nerve. In the male it compresses the urethra and spasmodically 
forces out the urine and the spermatic fluid ; in the female it funaions as a sphincter of the vagina and also expresses the 
contents of the greater vestibular glands. 

THE PERINEAL FASCLC 

The fasciae of the perineum (Figs. 480 to 483, 502, 503, 511, and 513 to 516) greatly aid the 
muscles in forming the pelvic floor. They are arranged in three layers and in certain situations 
are intimately adherent to the underlying muscles. 

The most inferior layer of the pelvic fasciae is the superficial perineal jascia. It comes from 
the gluteal region and passes from the inner margins of the glutei maximi over the perineum, and 
covers the superficial layer of muscles, particularly the inferior surfaces of the bulbocavemosi, 
ischiocavemosi, and transversus perinei superficialis. The j)ortionsof the sphincter ani extemus 
situated immediately beneath the anal iAtegument are not covered by this fascia, but in the 
posterior portion of the perineum a continuation of it closes in the ischiorectal jossa. This fossa 
is the s[)ace betv/ccn the levator ani and the lateral wall of the true ])elvis, which is formed es- 
sentially by the obturator internus and the overlying obturator fascia. Its cross-section has the 
sha[)e of an acute-angled triangle, the acute angle being situated at the origin of the levator ani 
from the obturator fascia, and it is wider in the female than in the male as a result of the greater 
width of the female j)elvic outlet. It contains a large mass of fatty tissue as well as nerves and 
vessels f])articularly the ])uden(lal vessels), and is widest between the tuberosities of the ischium, 
becoming narrower posteriorly, and even more markedly so anteriorly. In the region of the 
external genitalia the superficial ])erineal fascia becomes continuous with the fascia* of the scrotum 
and penis (or of the labia majora and clitoris as the case may be). 

The fattv tissue of the ischiorectal fossa is not in immediate contact with the fibers of the 
levator ani, Init is sei)arated from them by a thin layer of fascia, the injrrior fascia oj the pelvic 
diaphraf^niy which is not a simple layer of connective tissue, but is to be regarded as a true fascia 
belonging to the middle layer. 

II— II 
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Of especial importance are the layers of fasciae which, together with the transversus perinei 
profundus and the sphincter urethrae membranaceae, form the urogenital diaphragm or trigone 
(Figs. 511 and 513). These muscles (together with the bulbourethral glands in the male) are 
invested both upon their superior (posterior) and inferior (anterior) surfaces by layers of fasciae, 
the inferior layer (Figs. 511 and 515) being much the stronger, intimately adherent to the muscles 
and aponeurotic in character. These fascial layers are the superior and inferior fasciae of the 
urogenital trigone and they constitute the middle and the superior layers of the fasciae of the peri- 
neum. The two layers are united at their free margins, that is to say, by their postero-inferior 
margins, forming a thin tendinous strip to which is also attached the superficial perineal fascia 
(transverse septum oj the perineum), Antero-superiorly a much more pronounced and stronger 
line of junction forms the transverse ligament oj the pelvis (Fig. 514), which connects the upper 
extremities of both superior rami of the pubes and is parallel with the arcuate ligament of the 
pubes, from which it is separated by an opening giving passage to the dorsal vessels and ner\'es of 
the penis. The superior layer is also continuous with the obturator fascia, and in the male also 
with the prostatic fascia, and is essentially a portion of the pelvic fascia. 

The urogenital diaphragm^ or trigone, formed by the two layers of fascia and the two 
muscles (particularly by the transversus perinei profundus), is perforated in the male by the mem- 
branous urethra, which is situated near the transverse ligament of the pelvis and consequently 
in the anterior portion of the diaphragm. In the male it also contains the bulbourethral glands 
and the vessels and nerves of the penis, the latter structures being situated close to the bone. On 
account of the greater width of the pubic angle, the urogenital trigone of the female is broader 
than that of the male, and it is further characterized by the fact that it is perforated by the vagina 
as well as by the urethra. In the male it is in contact superiorly with the prostate and inferiorly 
with the crura of the penis and the bulb of the urethra, the latter structure being adherent to the 
inferior layer. 

The fascia covering the upper surface of the structures in the pelvic outlet is known as the 
pelvic fascia, which, in addition to the superior fascia of the urogenital trigone, is composed of 
a visceral layer, the fascia endopelvina, and of a parietal layer, the chief portion of which is the 
superior fascia of the pelvic diaphragm. 

The fascia endopelvina is a relatively thin layer of connective tissue which invests the bladder 
and prostate, the seminal vesicles and the ampullae of the vasa deferentia, as well as that portion 
of the rectum which is situated below the peritoneum {fascia vesicalis, rectovesicalis, prostake, 
etc.). 

The superior fascia of the pelvic diaphragm invests the upper or pelvic surfaces of the levator 
ani and the coccygeus. It is strongly reinforced anteriorly by the tendinous arch of the pelvic 
fascia, a tendinous strip which arises from the lower margin of the pubic symphysis and passes 
downward and backward toward the spine of the ischium. 

The superior fascia of the pelvic diaphragm also forms the puboprostatic ligaments in the 
male and the pubovesical ligaments in the female. The middle puboprostatic ligament is a flat 
ligament, rich in elastic fibers, which j)asses from the lower margin of the pubic symphysis and 
the contiguous portions of the tendinous arch to the anterior circumference of the prostate. In 
the female it is represented by the middle pubovesical ligament, which passes to the bladder. 
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The middle puboprostatic ligaments of the two sides form the lateral boundaries of a deep space, 
the pubovesical fovea, situated behind the symphysis, which gives passage to the dorsal vein of the 
penis. The lateral puboprostatic (pubovesical) ligaments are situated immediately alongside the 
middle ones; they arise from the posterior surface of each pubic bone beside the symphysis, 
and pass to the lateral surfaces of the prostate or the bladder as the case may be. 

At the passage of the pelvic viscera (the commencement of the urethra, the vagina, and the 
rectum) through the pelvic floor the superior fascia of the pelvic diaphragm becomes continuous 
with the fascia endopelvina which invests these structures. The parietal layer of the pelvic fascia 
accompanies the vessels and nerves leaving the pelvis for a certain distance, and forms a sort of 
sheath about them. 

Another portion of the pelvic fascia covers the obturator internus and is designated as the 
obturator jascia (Figs. 513, 515, and 516). This fascia accompanies the obturator vessels and 
nerves into the thigh, forming a funnel-shaped lining for the obturator canal. At the tendinous 
arch of the levator ani, the obturator fascia becomes continuous with the superior fascia of the 
pelvic diaphragm, and below the arch the lower portion of the fascia forms the outer boundary 
of the ischiorectal fossa. The posterior portion of the pelvic fascia, which covers the origins 
of the piriformes, and the pelvic surface of the sacrum are thin, and terminate above the 
pelvic outlet. 



ANGIOLOGY. 
GENERAL ANGIOLOGY. 

Angiology treats of the \'ascular system of the body. The vessels constitute a closed system 
of branching and anastomosing tubes, which vary greatly in caliber and contain either biood or 
lymph,* so ihat, according to their contents, they are differentiated into the bhod-vessels and the 
lymphatic vessels, both of which possess a common central organ, the heart (cor). This latter 
structure consists essentially of a hollow muscular tube, and serves as a propulsive organ for the 
blood, the vessels which carry the blood away from it being known as arteries, while those that 
return the blood are termed veins. The arteries and the veins are connected throughout the 
entire body by a system of microscopic >'essels, the capillaries, which are directly continuous upon 
the one hand with the fmest arterial branches and upon the other with the smallest venous radi- 
cals. The lymphatic system, however, seems to be an ajjpendage of the venous portion of the 
circulation, and, in contrast to the blood-vessels, it consists of but a single variety of large vessels, 
in which the stream is centripetal, as in the veins. It also possesses lymph capillaries. 

All portions of the vascular system, the heart, the arteries, the veins, and the capillaries, are 
lined by a common coat, the tunica inlima. The heart, the arteries, and the veins also possess a 
muscular coat, the tunica media (mmctilaris'), which attains its greatest development in the heart, 
and an outer coat, or tunica advenlilia. While the heart possesses a most complicatL-d structure 
owing to the development in it of a scries of special mechanisms (see page 170 el seq.), the remain- 
ing blood-vessels arc approximately cylindrical tubes, the caliber of which gradually increases or 
decreases as they give off or receive branches, so that both the arteries and the veins attain their 
greatest caliber in the neighborhood of the heart. The capillaries alone exhibit an approximately 
uniform caliber.f 

The blood passes from the heart into ihc arteries, is conveyed by them to the capillaries, and 
is returned to the heart bv the veins. The arteries are consequently the vessels which first ex- 
perience the impact of the muscular force of the heart, and, as might be expected, they possess 
much stronger walls than the accompanying veins. The larger arteries are further characterized 
by their richness in elastic fibers, and consequently have a yellowish appearance. In the vicinity 
of the heart the thickness of the large arterial tubes is many times greater than that of the large 
venous trunks, but the caliber and number of these venous trunks is greater than that of the large 
arteries, an arrangement which facilitates the return nf the venous blood to the heart. The same 
purpose is scr\ed by the valves which are present in many of the veins as sickle-shaped elevations 

* The lymph circulalinginlhcintcsliniil lymphalic vessels is known as chyle. 

t This docs noi mean that all the capillaries of the body are of exaaly the same caliber. On the contrary, both nar- 
row capillaries (as in (he muscles) and wider ones (as in the lungsl occur. Within the same capillary area, however, the 
caliber of (he capillaries is approximately the same. 
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of the intima projecting into their lumen, and always giving the blood a centripetal direction. 
Still more markedly developed are the valves in the lymphatic vessels, which are so closely placed 
that a distended lymphatic vessel has the appearance of a string of pearls. The arteries, how- 
ever, exhibit no such valvular formations except at their origin from the heart (sec page 172). 

A vascular tube may divide into two branches of equal size, as is the case with the abdominal 
aorta, which divides into the two common iliacs, and the pulmonary artery, which subdivides into 
the right and left pulmonary branches; similarly the two innominate veins, which are approxi- 
mately of the same caliber, unite to form the superior vena cava. On the other hand, small 
branches may be given off from quite large arteries, or small venules may terminate in 
large venous trunks, but, as a general rule, the smaller the vessel, the greater the number of 
ramifications. 

The branches of a vessel usually pursue the same general direction as that of the parent 
trunk; if this is not the case and the vessel runs in the opposite direction, it is spoken of as a 
recurrent artery.* If the vascular branches run parallel to the trunk from which they arise for 
a considerable distance, they are referred lo as collateral vessels. 

Arterial anastomoses may be capillary, precapillary, or those involving the smaller or middle- 
sized arteries. The anastomoses of the smaller or middle-sized arteries are also referred to as 
communicating branches; they are relatively infrequent (brain), while precapillary anastomoses, 
formed by arteries just before they become capillaries, are present in most situations in the body. 
In those parts of the body in which such anastomoses are absent, as in the kidney, the liver, and 
certain portions of the brain, the arteries are known as terminal arteries. If the precapillary 
anastomoses are very numerous they constitute what are termed retia vasculosa (arteriosa); these 
are common in the neighborhood of joints and are consequently also known as retia articularia. 
Narrow-meshed vascular networks are also termed plexus vasculares, and occur more frequently 
in the venous than in the arterial system. A vascular network interrupting the continuity of an 
artery (or vein) is called a rete mirabile,hui such structures occur in the human subject only in the 
glomeruli of the kidney.f 

In the venous system anastomoses of every variety are much more frequent, particularly 
the formation of plexuses, and anastomoses of the middle-sized veins are quite common, a con- 
dition in marked contrast to that obtaining in arteries of the same size. The lymphatic vessels 
also form a large number of lymphatic plexuses. 

Large arterial tnmks are never situated upon the surface of the body, but are usually deeply 
placed between the muscles. The larger venous branches, however, are very frequently found 
immediately beneath the skin in the subcutaneous connective tissue, forming the so-called cutane- 
ous veins, in contrast to which there arc also drrp veins which juirsue the siime course as the cor- 
responding arterial branches and are conse(juenlly also designated as the vcmr comitantes. They 
are frequently found in j)airs accompanying the arteries of middle caliber (this being the rule in 
the extremities), so that the number of the veins is considerably greater than that of the arteries, 
especially in the extremities, which also contain the majority of the larger cutaneous veins. 

* Such vessels are usually arteries. 

t In many of the mammalia the relia mirabilia i)lay an imi)ortant r6lc. 
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The arteries, their venas comitantes, and frequently also the accompanying nerves, are su> 
rounded by common fibrous sheaths, the vascular sheaths or vaginte vasorum. The vessels 
supplying the walls of the vessels are known as vasa vasorum, and, as a rule, ihey do not pro- 
ceed directly from the artery which they nourish, but from a neighboring vessel. They are never 
situated in the intima, but occur in the media and adventitia, or, in vessels of smaller caliber, 
only in the adventitia. The heart ]x>sscsses vasa. vasorum of considerable size for the nutrition of 
its musculature. 

Markedly dilated \'cnous spaces are referred to as venous sinuses. The sinuses of the dura 
maler have no true wall, but run in grooves in ihc bones between two layers of the dura, and 
their connections with the veins of the diploe or of the scalp are known as emissaries. Corpora 
cavernosa are erectile structures of the vascular system which consist of numerous communicating 
venous spaces separated by trabecula;, so that the erectile bodies have a spongy structure. They 
are usually invested by a pronounced fibrous tunic (the albuginea}. 

The name glomus is used to designate peculiar ple.\uses of fine arteries or veins, which are 
found as isolated structures in certain regions of the body and have no connection with the ram- 
ifications of the neighboring vessel. The so-called carotid gland * glomus rarolideum, is situated 
at the bifurcation of the common carotid artery, and a similar structure, the coccygeal [Luschka's) 
gland, or glomus coccygeum, is located at the termination of the middle sacral artery. 

The lymphatic system also exhibits special formations, the lymphatic glands [lympke- 
glandultr] or, as they are more appropriately called, lymphatic nodes. These are variously 
shaped bodies resembling glands in their general appearance, and their size usually varies be- 
tween that of a pea and that of a bean. They are round or more frequently elongated structures, 
and consist of adenoid tissue. Since they are interposed in the lymphatic stream they possess l 
both efferent and atTercnt lymphatic vessels. 

The liloo(l-\rsscls dtvtiop from ihc con nective-l issue portion of the mesoderm, the so-called mesenchyme. The 
cellular lining of Ihc vascular systcin is consequently cndirthclial and not epithelial, as is the case in the visceral tract- In 
the hiRhiT animals the heart arises very early at a lime nhcn the branchial gulf is stilt spread out Upon the yolk-sac, and 
ccoisequently ap|iears originally as a paired rudiment situated to either side of the gut. It soon acquires intimate relations 
with the emlirviinic body caviiy.t whose epithelium becomes the pericardium and also produces the myocardium- In 
cones ponil en ce with the segmental arrangement of the embryonic mesoderm | Ihc first vascular branches exhil»t a seg- 
mental charatlcr which is sul>sec|ucnlly retained only in certain situations (the intercostal and lumbar arteries). 

* These structures were formerly regarded as glands [but according to recent otjservations they seem to be acct:ssoi7 
portions of the symiKithelic nervous system. At all events, they consist primarily of a mass of cells which resemble grealljr 
sympaihelic gangUon cells; later the cell mass becomes extensively invaded by connective tissue and highly vascularized, 
the blood-vessels being arr.ingeti in a close plexus or glomus.— Ed.]. 

t For furtherdetails see the general introduction to the thinl volume. 

J For further details see the general introduction to the thini volume. 

J For further details see the general introduction to the third volume. 



SPECIAL ANGIOLOGY. 

THE BLOOD-VASCULAR SYSTEM. 

THE CIRCULAnON. 

The blood-vascular system includes the heart, the arteries, the capillaries, and the veins. 
During life the blood which these structures contain is in a slate of constant motion, and since 
the direction of the motion is always the same, it is known as the circulation oj the blood. In the 
human subject after birth there are two separate circulations, the so-called greater or systemic 
circulation, which serves to supply the blood to all portions of the body, and the lesser or pul- 
monary circulation^ by which the blood is provided with fresh oxygen. The aerated bright red 
blood is called arterial blood, because it is found in the arteries of the systemic circulation, and the 
dark red blood, rich in carbon dioxide and poor in oxygen, is spoken of as venous blood because 
it occurs in the veins of the systemic circulation. In the pulmonary circulation, however, the 
arteries contain '* venous" and the veins '* arterial" blood. 

Since the heart furnishes the propulsive power for both circulations, it consists of two separate 
halves; and since the blood from the veins is received into special cavities which may be shut off 
from those portions of the heart giving off the arteries, the heart consists of four separate chambers. 
Those receiving the blood from the veins of both the general and pulmonary circulations arc 
called auricles or atria, while those from which the arteries proceed are termed ventricles. There 
are two ventricles, a left and a right, and also a left and a right atrium. The atrium and ventricle 
of the same side communicate by an atrioventricular orifice (ostium venosum) provided with a 
valvular mechanism, while the cavities of oj)posite halves of the heart are completely independent 
of each other. 

The greater or systemic circulation commences in the left ventricle (Fig. 517), passes thence 

to the aorta, the great arterial vessel, which gives off all the main branches for the body, 

and returns to the right atrium by the superior and inferior vena? cava% which receive all 

the veins of the general venous system. The lesser or pulmonary circulation begins in 

the right ventricle, passes through the pulmonary artery and its branches to both lungs, and 

returns to the left atrium through the pulmonary veins. The bl(X)d consecjuently pursues 

the following j)ath: it passes from the left ventricle of the heart into the aorta and its branches, 

and is thus distributed to almost all of the organs and tissues of the lx)dy, finally reaching the 

capillaries, where it gives uj) its oxygen. Having thus become ** venous" the blood is returned 

to the right atrium, passes through the right ostium venosum into the right ventricle, and thence 

through the pulmonary artery into the capillaries of the lung, where it takes up a fresh supply 

of oxygen. As "arterial" blood it is then carried by the i)ulmonary veins to the left atrium of the 
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heart and then passes through the left ostium venosum into the left ventricle, thus completing 
the circulatory path. 

The systemic circulation is much longer than the pulmonary one. The sum total of the 
cross-sections of the veins of the systemic circulation is considerably larger than the cross-section 
of the aorta, while in the pulmonic system, the sum total of the cross- sections of the veins does not 
exceed that of the pulmonary artery. 

In addition to its connection with the lymphatic system, the systemic circulation also holds 
relations in the liver with the portal circulation, /. e., the blood which has already passed through 
one set of capillaries in the intestinal wall (see page 62) is conducted by the portal vein to the 
liver, where it again traverses a set of capillaries, enters the hepatic veins, and finally reaches the 
heart through the inferior vena cava. 

THE FETAL CIRCULATION. 

The circulation in the fetus differs in certain respects from that of the adult. Until the 
moment of birth the pulmonary circulation, although present anatomically to a certain degree, 
plays no physiological r61e, but the blood of the fetus is arterialized by the oxygen of the maternal 
blood in a special organ, the placenta, which is formed .by the union of the membranes of the 
fetus with the uterine mucosa of the mother. The fetus is connected to the placenta by the 
umbilical cord, and its blood reaches the placenta through the umbilical arteries, the lateral 
umbilical ligaments of the adult (see page 121), which are indirect but vcr>' large 
branches of the aorta; the blood from the placenta passes to the fetus through the single 
umbilical vein, which becomes the round ligament of the liver in the adult (see page 58). 
This vein passes to the inferior surface of the liver and some of its contained arterialized blood 
passes through the liver, through what is subsequently the portal vein, while the remainder is 
conducted by the ductus vcnosus (Arantii), the ligamcntum venosum of the adult (see page 58), 
directly into the inferior vena cava and thus reaches the right auricle. In the fetus the right 
auricle communicates with the left auricle through a round opening, the joramen ovale, which 
subsequently becomes the fossa ovalis (see ])agc 177), and through this foramen the blood which 
enters the right auricle by way of the inferior vena cava is directed into the left atrium by the ra/^r 
oj the vena cava (Eustachian valve, see l)age 177), which is situated between the orifice of the in- 
ferior vena cava and the right ostium venosum and consequently prevents this current from 
passing into the right venlricle. The bl(H)d after traversing the left atrium ])asses through the 
left ostium venosum into the left ventricle and thence into the aorta. That part of the blood 
which enters the right venlricle in spite of the Eustachian valve passes into the ])ulmonary arter}', 
but only a very small portion can ])ass to the lungs, since the pulmonary vessels are but slightly 
patulous before birth. By far the greater ])orti()n of the blood in the jmlmonary artery reaches 
the aorta through the ductus arteriosus (Botalli), which later becomes the ligamentum arteriosum. 
In the fetal circulation there is conseijuently a mixture of the arterial and venous blcxxls. 

At the moment of birth, with the first ins])iralion of the newlx)rn, the j)ulmonic and the 
systemic circulations become se])aratecl. This is brought alxnit by the closure of the foramen 
ovale. A valve, the valve oj the joramen irvale (see page 179), develops upon the left side of the 
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Fig. si8. — ^The heart seen from in front, the sternocostal surface. 

Fig. 519- — The heart seen from below and behind, the diaphragmatic surface. 

Fig. 520. — The right atrium and ventricle opened along the right border of the heart. 

Fig. 521. — The right ventricle and pulmonary artery opened by an incision on the anterior surface and 

along the right border of the heart. 

Fig. 522. — The left ventricle and aorta opened by incisions in the middle of the left ventricle and along 

the anterior sulcus. *= The membranous septum. 

Fig. 523. — ^The left ventricle and atrium opened by an incision along the middle of the ventricle. 



fetal interatrial septum, and during fetal life is projected into the left atrium by the blood- 
stream from the right atrium so long as no blood reaches the left atrium through the pulmonary 
veins. With the first inspiration of the newborn the lungs suddenly expand, and the capillary 
system, which was previously greatly compressed, now becomes patulous. The blood in the 
* pulmonary artery now flows into the pulmonary system (no longer passing laterally through the 
ductus arteriosus) and is returned to the left atrium by the pulmonary veins, and since this blood 
enters the left atrium under much greater pressure * than that under which the systemic blood 
enters the right atrium, the valve of the foramen ovale is forced against the foramen and gradually 
obliterates it by becoming adherent with its margins. All the blood entering the right atrium 
from the systemic veins must now pass through the right ostium venosum, and the conditions 
obtaining in adult life are consequently established. 



THE HEART (COR). 

The General Relations of the Heart. 

The heart is a short, almost conical, thick-walled, muscular tube, whose upper, broad, 
attached extremity is known as the base, while the lower freely movable portion is termed the 
apex. It presents two surfaces which are distinctly marked off from each other, except at the 
left border, where they are directly continuous even in the empty organs. One surface is convex 
and directed forward and somewhat upward; it lies behind the body of the sternum and the ad- 
jacent costal cartilages and is called the sternocostal surjace (Fig. 518). The other surface is also 
convex, but only to a slight degree, and is directed backward and downward; since it is in relation 
with the central tendon of the diaphragm it is termed the diaphragmatic surface (Fig. 519). 

Above the base of the heart are situated the atria and the two arteries which are given off 
from the ventricles, while below it is the ventricular portion. The base of the heart is limited 
externally by a circular groove, the coronary sulcus (Figs. 518 and 519), which is interrupted 
anteriorly and contains the nutritive vessels for the viscus. A longitudinal groove upon the 
anterior and another upon the posterior surface of the heart, the anterior and posterior longi- 
tudinal sulci (Figs. 518 and 519), indicate the line of separation of the two ventricles, and also 
contain the main branches of the vessels intended for the nourishment of the heart. Both these 

* The pressure under which the blood from the pulmonary veins flows into the left auricle is greater than that of the 
blood of the right auricle for the reason that the blorxl from the systemic circulation has passed through a longer distance 
and also through a much narrower set of capillaries than has the blood of the pulmonic circulation. 
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sulci unite to the right of the apex to form the apical notch (Figs. 518 and 519), which is not always 
distinctly indicated. 

The heart is not symmetrically placed in the body, since about two-thirds of the viscus lies 
to the left of the median plane. The longitudinal axis is oblique, passing from behind forward, 
from above downward, and from right to left, and the ventricles are consequently nearer the 
anterior thoracic wall than arc the atria. At the same time the cardiac axis seems to be rotated, 
so that the left side of the heart is more posterior and the right more anterior. As a result of this 
oblique position of the cardiac axis, the longitudinal sulci which indicate the demarcation of the 
ventricles are neither exactly longitudinal nor exactly median, and the four main divisions of the 
heart, and the vessels coming off from the organ, consequently hold the following relations to the 
two cardiac surfaces (Figs. 518 and 519). The anterior longitudinal sulcus begins at the base 
near the left border of the heart and passes over its anterior surface to terminate to the right of the 
cardiac apex. The coronary sulcus is interrupted upon the anterior surface of the heart by the 
roots of the two great vessels, particularly by that of the pulmonary arter>', which arises from the 
right ventricle by means of the conus arteriosus and conceals the actual root of the aorta. By far 
the greater portion of the anterior surface below the coronary sulcus (and the roots of the vessels) 
is taken up by the right ventricle, which extends from the anterior longitudinal sulcus to the right 
border of the heart, which is sharply defined in the empty viscus. The relatively small portion 
of the sternocostal surface to the left of the anterior longitudinal sulcus is formed by the left 
ventricle. Upon the anterior cardiac surface, above the coronary sulcus, is seen a portion of the 
right atrium, especially the entire right auricle, the tip of which lies upon the adjacent ascending 
aorta. To the left and above the coronary sulcus is to be seen the corresponding left auricle, 
which is applied to the left margin of the pulmonary artery, and above the right auricle, to the 
right and partly concealed by the ascending aorta, is situated the superior vena cava. 

The diaphragmatic surface of the heart is traversed by the coronary sulcus, which is un- 
interrupted in this situation and contains the great cardiac vein, or rather the coronary sinus 
(there is also an arterial branch to the right). The {)osterior longitudinal sulcus lies slightly to 
the right of the middle line, and terminates to the right of the apex, as does the anterior 
longitudinal sulcus upon the anterior surface, so that the apex of the heart is formed exclusively 
by the left ventricle. Corresponding to the course of the longitudinal sulcus the left ventricle 
takes up the greater portion of the posterior surface of the heart. Above the coronary sinus both 
atria may be seen, especially the left with the base of its auricular a[)pendix, and the terminations 
of the four pulmonary veins; the sinus of the vemv cavce of the right atrium together with the 
entrances of both cavie are also visible, and are marked off from the remainder of the atrium by 
the shallow terminal sulcus. Above the left atrium is the left branch of the pulmonarj' arter)\ 

The cavity of the heart is subdivided into four separate compartments, the right and left 
atria and the right and left ventricles. Each half of the heart consists of an atrium and a ventricle, 
and the two halves are separated by a septum which is further differentiated into the atrial and the 
ventricular septa. Each atrium is composed of two portions, the venous sinus* for the reception 
of the veins, and the atrium proper, with an irregularly conical appendage, the auricle. 

* The vcnt>us sinus is dcscribwl only in the right auricle; it is, however, also present in the left. 
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Fig. 524. — The musculature of the heart seen from in front. A portion of the superficial layer has been 

removed from the wall of the right ventricle to expose the middle layer. 

Fig. 525. — The musculature of the heart seen from behind. A portion of the superficial layer has been 

removed from the wall of the left ventricle to expose the middle layer. 

Fig. 526. — The superficial musculature of the heart, seen from the apex. 

Fig. 527. — The four ostia of the heart seen from above, after removal of the atria. The valves 

are shown closed. *= Intermediate cusp. 



All four cavities of the heart are irregularly shaped, and, in spite of their varying shapes, 
each contains the same amount of fluid. The walls of the atria are thin, while those of the ventri- 
cles are considerably thicker (Figs. 520 and 523), and the atria and ventricles are connected by 
openings which are termed the oslia venosa {atrioventricular orifices). These are rounded and 
elongated, and are guarded by segmented valves which project into the ventricles. The exits of 
the arteries from the ventricles are more nearly circular, and each one is guarded by three semi- 
lunar valves which open into the lumen of the artery. 

The heart is completely surrounded by the pericardium and consequently it does not come 
into direct contact with the neighboring organs, but its relations are dependent upon those of the 
pericardium * (see page 181). 

If the outline of the heart wxre projected upon the anterior thoracic wall, the right border 
of the figure would be almost vertical, extending parallel to the right side of the sternum about 
midway between the parasternal and sternal lines (see page 103) from the upper margin of the 
third to the lower margin of the fifth costal cartilage (Figs. 451, 452, 454, and 460). The lower 
border of the projection outline would run from the latter point to the fifth left intercostal space 
between the parasternal and mammillary lines, and from this point the left border would pass 
to the second left intercostal space between the sternal and mammillary lines, and the superior 
margin from there to the upper margin of the third left costal cartilage. 

The left ostium vcnosum is situated behind the junction of the fourth costal cartilage with 
the sternum; the right one, behind the lower portion of the body of the sternum at the level of the 
fourth intercostal space. The aortic orifice lies behind the middle of the body of the sternum 
at the level of the third intercostal space, and the pulmonary orifice is behind the insertion of the 
third left costal cartilage. 

The cardiac w^all consists of three layers. The most external is the visceral layer of the peri- 
cardium (see page 181) and is termed the epicardium. Beneath this serous layer, at least in the 
adult heart, there arc marked accumulations of fat w^hich are particularly pronounced in the sulci 
and in the neighborhood of the cardiac apex, but in those situations in which this fatty tissue is 
absent, the epicardium is firmly adherent to the second layer of the cardiac wall, the myocardium. 

The myocardium^ the actual cardiac muscle, forms the middle and by far the thickest layer 
of the cardiac wall; it is particularly marked in the ventricles, where it constitutes more than 
seven-tenths of the thickness of the ventricular wall. Its elements are peculiar striated muscular 

* For further details in reference to the relations of the heart the reader is referred to the text -books and atlases of 

topographic anatomy. 
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fibers which are arranged in fasciculi and laminai in an extremely complicated manner. Only 
the course of the principal muscular layers will consequently be described. 

In the atria the musculature of the auricular appendages is considerably thicker than 
that of the venous sinuses. The appendages possess internal circular fibers and external longi- 
tudinal ones, the latter being parallel to' the longitudinal axis of the appendix. The venous 
sinuses possess internal longitudinal and external circular fibers, and flat fasciculi bridge over the 
sulcus between the two atria, especially upon the anterior wall. Circularly arranged fibers 
are found at the terminations of the veins (upon the walls of which isolated striated muscular 
fibers are continued), and in other situations the circular fibers frequently pass directly into the 
oblique ones. The deeper fibers arise partly from the fibrous rings of the oslia venosa, especially 
upon the left side, and sink deei)ly into the substance of the atrial septum, which is formed by 
these fibers except in the area designated as the membranous portion. The deep fibers of each 
atrium are essentially distinct from those of the other, w^hile many of the suj)erficial fibers arc 
common to both atria; the musculature of the atria, however, is almost entirely independent of 
that of the ventricles.* 

The superficial fibers of the ventricles are similar to those of the alria, in that they 
also bridge over the sulci and to a great extent are common to both ventricles, but the great ma- 
jority of the muscle fibers of the ventricle, particularly those of the more powerful deeper 
layers, are completely independent in each half of the heart. The musculature of the ventricles 
is much stronger than that of the atria, and that of the left ventricle is much stronger than that 
of the right. 

The superficial ventricular musculature (Figs. 524 and 525) consists essentially of flat 
fasciculi, which arise from the region of the base of the heart and proceed to the region of the 
cardiac apex, in such a manner that they are arranged transversely or oblicjuely in the right 
ventricle and more longitudinally in the left. Some of these fibers i)enelrate into the ventricular 
septum, but the majority bridge over the longitudinal sulci, and at the a])ex of the heart form 
a whorl, the vortex of the heart (Fig. 526), from which fibers i)ass into the deeper portion 
of the left ventricle and take part in the formation of its internal muscular layer. In addition to 
the superficial muscular layer the left ventricle also contains a middle and a deep layer. The 
middle layer (Fig. 523) is by far the stronger and its chief direction is transverse; the lamelhe of 
which it is composed, however, frecjuently exhibit an irregular direction and partly interlace with 
each other. The innermost laver is situated immedialelv beneath the end(K'ardium, and consists 
of irregularly arranged fasciculi which form certain structures upon the inner surface of the 
ventricular wall which will subsc-fjuently he (lescrilx-d. The musculature of the right ventricle 
is much weaker than that of the left and the different ialion into three layers is not so distinct. 'Hie 
middle lamelke (Fii^. 52.4) also |)resc'nt a lran>ver^e course and the deep ones are irregularly 
oblique and j)roject into the ventricular cavity isee ])age 175). The musculature of the ventric- 
ular se|)lum is derived from both ventriclo. Init the musculature of each ventricle is independent 
of that of the other in this situation, and l)y far the greater hulk of the mu>culalure in the septum 

* f A small Imndlr of (iIkts. ihr titri<»iintrii uiir jiytiinlus. |ms,«v from ihr jiiKUiinr surf.ni' nf tlir rinlit atrium into 
tht* upjKT pari of thr niu>< ular vtntri< ular -cjitiitn. in \\liiihit |t,i>^rs forward Ii»Im|ii-.i in thr mu^< iilatiiri,*of the vent ric Irs. 
It consrfjui-ntly form-^ a « onnrtiion iHiwrin tlic niu>» ul.iicin- uf tli<' atria and I hat <if thr vrnt rides. — Kd.] 
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is derived from the left ventricle. The uppermost portion of the ventricular septum, that which 
is formed last, remains membranous and is known as the membranous septum; it is a small in- 
distinctly demarcated area situated between the bases of the posterior and right aortic semi- 
lunar valves. 

A large number of the muscular fibers both of the ventricles and of the atria take origin 
from fibrous rings which surround the ostia venosa. These rings (Fig. 527) separate the mus- 
culature of the atria from that of the ventricles and serve for the attachment of the valves; 
they are connected with the intermuscular connective tissue and are designated as the fibrous 
{airioventrictdar) rings. The right one is complete and surrounds the entire circumference of 
the right ostium venosum as an oval ring, while the left one is only three-quarters of a ring,* the 
anterior portion being wanting where the root of the aorta is fused with the left ostium venosum. 
This left fibrous ring arises from two small cartilaginous nodules which are situated to the right 
and left of the root of the aorta and are known as the fibrous trigones (right and left). 

The endocardium of the heart corresponds to the intima of the blood-vessels, with which 
it is directly continuous. It is rich in elastic fibers and, especially in the atria, contains dense 
masses of such tissue. It is decidedly thicker in the atria than in the ventricles, being so thin in the 
latter that the innermost muscular layer of the ventricles and the structures formed by it appear 
reddish through the endocardium. In the auricular appendages the endocardium is also thin, 
while in the venous sinuses and throughout the greater portion of the atria it is almost or entirely 
opaque (Figs. 520 to 523). 

The cardiac valves (Figs. 520 to 523, and 528 to 531) are formed by duplicatures of the endo- 
cardium, and each of the four orifices of the heart is furnished with such a valve which serves 
to close the opening. The ostia arteriosa are guarded by semilunar or pocket valves which are 
termed the semilunar valves, while those guarding the ostia venosa are known as the cuspid valves. 
Both the aortic and pulmonary semilunar valves are each made up of three segments (Figs. 521 
and 522), each segment consisting of a bulging membrane attached to the base of the artery so 
that its concave surface is directed toward the lumen of the vessel (Fig. 527) while its convex one 
looks toward the interior of the ventricle. The free or non-adherent margin of the valve is thin 
and is known as the lunule; it is applied against the similar margins of the neighboring segments 
when the valve is closed, and the center of each lunule is thickened to form a flattened rounded 
structure, the nodule {nodule of Arantius), During the closure of the valves the three nodules are 
in contact. The space between each valve and the arterial wall is known as a sinus (sinus oj 
Valsalva). * 

The atrioventricular valves (Figs. 520 and 523) consist of an endocardial duplicature con- 
taining fibrous tissue, and also a few muscular fibers which arc derived from the atrial mus- 
culature. Their bases are attached to the fibrous rings and they are composed of cusps separated 
by notches of varying depth; the left valve of the ostium venosum consists of two such cusps, 
while the right consists of three (Fig. 527). The individual cusps are incompletely sub- 
divided by shallow notches.f The endocardium upon the upper surface of the valve is directly 

* The absent fourth is formed by the aortic wall. 

t The so-called intermediary cusps are formed in this manner. 
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continuous with that of the atrium, while that of the lower surface is distinguished by its thick- 
ness from the thin endocardium of the ventricle. The lower surface of the valve also receives the 
insertions of the chordae tendineas of the papillary muscles. When the valve is open, the leaflets 
are relaxed and loosely applied to the wall of the ventricle, but when closed the irregular free 
margins of all the cusps are in contact and form a shallow funnel-shaped depression directed 
toward the atrium (Fig. 527). 

The inner surface of the cavities of the heart (Figs. 520 to 523 and 528 to 531) is variously 
modeled. That of the ventricles is almost always irregularly shaped as the result of numerous 
muscular projections which are of two varieties. One of these appears as long columns of 
the inner layer of the cardiac musculature, which are connected by transverse fasciculi, covered 
by a very thin endocardium, and known as IrabeculcB (columtuB) carnece. Their chief direction 
is parallel to the longitudinal cardiac axis, but they are frequently irregularly arranged. 

The second variety of the muscular projections from the ventricular wall are the papillary 
muscles. These are formed not only by the inner, but partly also from the more superficial layers 
of the cardiac muscle, and are generally much larger than the trabeculae cameae and of a conical 
shape. The base of the cone rests against the ventricular wall, and from its apex thread-like 
tendons are given off which pass to the atrioventricular valves. These tendons, known as chordcB 
lendinece, vary greatly in thickness, and subdivide into smaller tendons before their insertions 
into the cusps of the valves, their insertions always being upon the inferior (ventricular) surfaces 
of the cusps, and the stronger tendons being attached nearer to the base while the more delicate 
ones are nearer to the free margin of the cusp. Not infrequently the chordae tendineae arise directly 
from the ventricular wall, from the trabeculae carneae, or from the upper portion of the muscular 
ventricular septum (where trabeculae cameae are wanting) without the intervention of papillary 
muscles. The papillary muscles are usually placed below the interspaces between two leaflets 
and send chordae tendineae to both. 

The papillary muscles and trabeculae carneae give the ventricular cavity a very irregular 
shape, since numerous pockets are found between these projections, particularly when the heart 
is distended. In the contracted state of the ventricle the space between the oapillary muscles 
(the intrapapillary space) completely disappears, so that only the space between the chordae 
tendineae (the suprapapillar)' space) remains. 

The inner surface of the venous sinuses of the atria is generally smooth, but the walls of 
the auricular appendages, as well as those of the alria, exhibit muscular trabeculae, resembling 
those of the ventricles and termed musculi pectinaii (Figs. 520 and 523).* They are finer and 
narrower than the trabeculae carneic, are more frequently connected by anastomoses, and often 
pass from one wall of the auricle to the contiguous one. In the inter\'als between the musculi 
pectinati the Cardiac wall is very thin and transparent, especially when the heart is distended, 
since the endocardium and pericardium are frequently in immediate contact in this situation. 

The Special description of the Heart. 

Having considered the conformation of the heart in general, we now pass to the special 
description of its individual portions. 

♦ Several authors also term some of these atrial structures trabeculae camec 
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IC. 528. — Frontal seciion of t!)e heart, especially of ihe two venlriclcs, Anterior half seen fmn 

behind. 
Fig. s 29 ■— Frontal section of the heart, especially of the two atria. Posterior half §ccn from in fronL 
Fig. 530. — The cavity of the left ventricle exposed by rernoving a portion of the wall. 
Fig, 531. — The cavity of the left ventricle exposed by removing b portjoo of tbc wall. The porlion 

removed is shown in Fig. 533, 

i '' 

^ THE RIGHT ATRIUH. 

The righi alrium {auriclt) (Figs. 520 and 529) is an approximately conical cavity, the 
slightly curved apex of which is formed by the right auricle (auricular appetulagf). It is com- 
posed of the atrium, Ihe auricle, and the venous sinus. The latter is termed the sinus o^ Ihe: 




cava because it rccci\'cs the two vcr 
ridge, the crista Icrminalis, which 



: ca\ae, and it is separated from the atrium by a muscular 
)rrcsponds to the terminal sulcus. The auricle, on the 
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contrary, is directly continuous with, the atrium, and there is practically no demarcation of the 
two structures. 

The atrium has the shape of a flattened cone and is notched, especially above and below 
and also at the apex. It embraces the root of the aorta and lies upon the sternocostal surface of 
the heart in such a manner that its apex almost reaches the pulmonary artery. 

The venous sinus of the right atrium receives the superior vena cava above and the larger 
inferior vena cava below, the orifices of the two veins being opposite each other and their axes 
forming a markedly obtuse angle (Fig. 520). The two orifices are separated by a distance of 
about two centimeters and the atrial wall in this situation protrudes slightly and forms the 
iniervenous tubercle (tubercle oj Lower). The orifice of the superior vena cava is smooth, but 
that of the inferior vena cava possesses an approximately semilunar valve, the valve oj the inferior 
vena cava (Eustachian valve) (Fig. 520), which in the adult is always riddled with perforations 
and resembles an irregular network. It is situated between the opening of the inferior vena 
cava and the right ostium venosum, and its extremity is continuous with the limbus of the fossa 
ovalis as a long thread. 

In addition to the venae cavae which empty the blood of the systemic circulation into the 
heart, the right atrium also contains the orifices of the cardiac veins. The largest of these is the 
elongated opening of the coronary sinus, which is situated at the junction of the posterior and 
inferior walls of the auricle, immediately in front of the inner extremity of the Eustachian valve 
and between the latter structure and the right ostium venosum. The greater portion of this 
opening is closed by a thin semicircular valve, the valve oj the coronary sinus (Thebesian valve) 
(Fig. 520), which is frequently perforated near its free margin. The orifice of the coronary 
sinus is situated in the median plane of the Ixxly. The orifices of the smaller cardiac veins, the 
Thebesian joramina^ are verj' small, point-like openings or depressions situated especially on the 
atrial septum and upon the right wall. 

An elliptical or oval portion of the atrial septum is destitute of muscular tissue and is con- 
sequently transparent. It is known as the membranous portion oj the septum and is the site of the 
fetal joramen ovale (see j)age i69),which usually commences to close at birth. The atrial septum 
forms the left wall of the ri^ht atrium and its membranous j)ortion appears as a shallow depression, 
known as the jossa ovalis (Figs. 520 and 529), which is situated in the lower i)()rtion of the sej)tum 
and is longer from aljove downward than from before backward. This fossa is surrounded 
by a muscular ring, the limbus of the fossa ovalis (limbus oj Vit'usscns)y whfch is i)articularly well 
developed in the anterior and superior j)()rtions of its circumference. It re|)resenls the margin 
of the original foramen ovale and is plainly visible through the rather thin endocardium in this 
situation. 

The remaining j)orti()n of tlu' septal wall of the rij^hl alrium is smf)oth and devoid of musculi 
pcctinati. The latter structures are found tlirou<^hout the entire auriailar aj>pendage and also 
in the right wall of the atrium, but liny arr absent in the venous sinus; they consequently com- 
mence at the crista terminalis. They extend without demarcation from the right wall into the 
auricular api)endage. 
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THE RIGHT VENTRICLE. 

The right vaUricle (Figs. 520, 521, 528J 529, and 530} is approximately conical in shape; its 
relation lo the cardiac surface has been previously given upon page 171. The left surface, 
directed toward the left ventricle, is concave, so that the cross-section of the ventricle is semi- 
lunar, and its apex does not extend to the a|>ex of the heart. From the right ventricle the right 
ostium vcnosum leads into the right atrium and the pulmonarj- orifice (the right ostium arleri- 
osum) into the pulmonar\' arterj'. 

The right ostium vcnosum is situated in the right and posterior portion of the base of the 
ventricle. Its fibrous ring gives attachment to the Irkuspul valve, whose anterior cusp is directed 
toward the right, and is the smallest of the three, but the most constant in its development. The 
other two cusps are larger and are tenned posterior and internal. The latter is adjacent lo the 
septum and arises from the membranous septum (see page 177). An intermediate cusp is not 
infrequently obser\ed between the internal and posterior cusps (Fig, 527), or the notch between 
these two cusps is incomplete and they form a single cusp which is characterized by one or more 
notches of varying depth. 

There is usually one large papillary muscle and a variable number of smaller ones which 
pass to the cusps of the tricuspid valve (Figs. 521, 528, and 531). The large or anterolateral 
papiilar.' muscle takes origin from the anterior wall of the ventricle, subdivides into several 
muscles, and sends chords tendineje to the anterior and posterior cusps. A small papiUary 
muscle frequently proceeds from the poslcro external wall and sends chords tendinese to the 
posterior and internal cusps, and a third and a verj- small muscle (the internal papillary muscle) 
is usually present, arising from the ventricular septum at the base of the conus arteriosus and 
sending chords tendinete to the inner portion of the anterior cusp. Numerous chorda; tendines 
arise directly from \\\l ventricular wall or through the intervention of very small papillary muscles, 
particularly in the region of the ventricular septum; they are inserted into the internal cusp, 
but the arrangement of the papillary muscles in the right ventricle is subject to numerous 
individual variations. 

Thi: pulmonary orifice (riglil oslium arlerJosum) (Figs. 521 and 527) lies in the left and anterior 
portion of the base of the ventricle, close beside the ventricular septum. It does not proceed 
directly from the ventricular cavity, but arises from an intermediate conical structure known as 
the conus arkriosus. This is marked off upon the inner surface of the ventricle, especially 
upon the posterior, internal, and anterior walls, by a slightly elevated ridge, the supraveniricular 
crest (Fig. 521), Thcorifice is guarded by three semilunar valves, which are known as the right, 
thcleft,and the anterior valve. They exhibit well- developed lunules (see page 174), but their 
nodules are but feebly indicated. 

With the exception of the upper portion of the ventricular septum, the inner surface of the 
right vcniricle possesses trabeculie cameae, although they are feebly indicated in the conus arter- 
iosus, and indeed may be entirely wanting in this situation. 
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THE LEFT ATRIUM. 

The relations of the left atrium to the external surface of the heart have been already con- 
sidered at page 171. It is irregularly cuboid in shape (Figs. 523 and 529), the left auricular 
appendage forming a conical prolongation of the anterior wall. The right wall is formed by 
the atrial septum, the floor contains the left ostium venosum, and at the junction of the 
superior and posterior walls are situated the orifices of the four pulmonary veins. These latter 
orifices are rounded openings without valves, and they are so placed that the openings for the 
two veins of the same side are close together, while the two openings for the veins of one side are 
at quite a distance from those of the opposite side.* More rarely the two veins of one side open 
into the atrium by a common orifice or more than two veins empty upon one side. The portion 
of the left atrium which receives the pulmonary veins is the venous sinus, but as it is usually not 
marked off from the atrium it is consequently not specifically designated as such.f 

In contrast with the right atrium, the septal wall of the left atrium is smooth with the ex- 
ception of the remains of the valve of the joramen ovale (see page 169), and it is frequently in- 
visible. When present it forms a sickle-shaped fold, the free margin of which is directed ante- 
riorly. 

The left auricular appendage seems markedly constricted from the remainder of the atrium; 
it is the only portion of the left atrium which contains musculi pectinati. 



THE LEFT VENTRICLE. 

The shape of the left ventricle (Figs. 522, 523, and 528 to 530) has been compared to that of 
an egg, the broader extremity being directed toward the base of the heart, while the more pointed 
one forms the cadiac apex. Its very thick wall is convex throughout, even in the region of the 
ventricular septum, which consequently projects toward the right ventricle (see page 178). 

At the base of the left ventricle, which is directed toward the right and posteriorly, the left 
ostium venosum and ostium artcriosum (aortic orifice) are placed side by side. 

The left ostium venosum is situated behind and to the left of the ostium arteriosum, and is 
guarded by the bicuspid or mitral valve. This consists of an anterior cusp, which is also directed 
toward the right, and a posterior cusp, which is also directed toward the left. The posterior cusp 
takes origin from the fibrous ring; the anterior one partly from the fibrous ring and partly (be- 
tween the fibrous trigones (see page 1 74), from the y)osterior circumference of the root of the aorta. 
The surface of the anterior cusp, which is directed toward the ventricle, consequently passes 
into the aorta without demarcation. The two cusps are sei)arated by deep notches and are 
much more distinctly separated than are the leaflets of the tricuspid valve. Two small inter- 
mediate leaflets are, nevertheless, occasionally observed. 

The mitral valve possesses two large and constant papillary muscles (Figs. 523 and 529), 
one arising from the posterior portion of the left wall and the other from its anterior circumference. 

* The orifict*s of the pulmonar}' veins consecjucntly form a horizontal (luadrangle in the auricle. 

t Such a demarcation is justified, however, by the method of development of the heart, since this jwrtion of the atrium 
originally does not belong to the heart at all. 
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Fig. 533. — The heart enclosed in the pericardium, seen from in front 

The pericardium has been opened in fmnt. 

Fig. 534. — The transverse sinus of the pericardium, seen from the right side. 

The aona and superior vena cava are dra^Ti aside. 



Their position corresponds to that of the interspaces between the two cusps (or to that of the 
intermediate cusps), and they arc conical in shape and usually subdivide toward their apices. 
The chorda? tcndinca^ given off by these papillar}' muscles are stronger than those passing to the 
tricuspid valve. 

The lejt ostium arteriosum (aortic orifice) is situated anteriorly and to the right, in the 
region of the base of the heart ; it is in front of the anterior cusp of the mitral valve and behind 
the origin of the pulmonar}' artery. It is guarded by the aortic semilunar valves, two of which, 
as in the pulmonar}' arter>', arc right and left, but the third is posterior (Fig. 527). They 
possess well-marked lunulcs and strongly developed nodules (see page 174). 

The ventricular wall throughout jx)ssesses well- developed trabecule cameae with the 
exception of the upper portion of the inienentricular septum. The membranous septum is situated 
between the posterior and the right semilunar valve. 

The vessels of ihe heart will Ix' sul)sequently considered. 

The nerve? of the heart are derivwi from the vjpus fcarxliac branches') and from the s\'mpathetic (cardiac nerves^. 
They form numerous ganglia within the heart. 

The endocardium is formed from the mesenchyme, while the myocardium and pericardium are derived from the 
crelomic endothelium of the splanrhnopleure. The previously meniiontxi double rudiments of the heart have nothing 
whatever to do with its right and left sides, since these are ditTereniiated at a much later period. The double rudiment 
fuses to f<jrm a single S'shajK-d tuU-, whose dorsal extremity receives the venous trunks and becomes an atrium, while the 
ventral extremity is art«-rial 'ih«- trut:, us >:rtrr:.>su<^ and hn «»r:u-^ a vontricle. these structures being at first single in the 
v::.!.ry'.r^i- \v..r\ Tiv alri'j::^ >.-/! \.--:: ■• l:' •. ".;;.:''. ■-.. •:■■ -.;>.'-.■.: r! '•"• a r- 'r:s:ri( lion which pnxluces an Juriru!:r 
c-i;::: ; - .r!:i«-. 'i -lu' il i "\-, -.:'.:::(-. I ::■.■ :'--: ;•■ ;:• .•.; •■. . •' . -■,:■■.::•. :M. *:i i:i:.> :\v.. vrniriclcs i-^ fumished bv an in- 
t<ri,;:ir: u'. :t ;<.;<••..- .r- -;>■■:.::• j :■•.. '. ■••" :" i" -^ ; • .• ".:' ": i:- iiii.iliy i:r.'V."> upwartl from Ik'Iow. and the t runt. i:< 
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'. ^. till- --uhsiMjm'nt aorta and pulrridnan- 

ariiTv. 'J ;ii- i,,:i'T >■ ;.; :•.: -jr' ''••■-': ''•'•.'.,!•■ i fr.-:: ■.'••••.•• ••■.■■••:■. \ ■.•;"•. v.' .--. •'ti::'i i^mwing upward from below, th'- 
<"■':;:! "i--:' j'.ii!. I.. ! V.'-.:; '.\\. \\\- : ■..;:::, .--.;.•; •^' -•; •■_:■■: i ■■■j'. -: ..1 ". 'v ' :-i. ;i ^w < •;' tlu- :".%»> scjua. antl in this situation there 
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THE PERICARDimi. 

The />' r:,<ir'/:inii V'.j:^. 41 |, .\z,i lo 4;;. 4;; lo 4f)j. 5;;:;, and 5:^4! is a fibrous sac which con- 
tain- a .-(Toll- (a\i'\, and • ')nvr.i;;rntl\- a ri])r<)iis and a serous j)L-n\ardium may l)c recof^nized. 
'I he jiaraial la\«r of tlu- .-rroi;- -ac i> m) iniimatrly adherent with the fibrous ])eritardium, however. 
that the tv. (^ -! nature- toireiher are known as the perit'anh'um, while the vix eral layer, which 

'■• •: '"'■ '>■■ ■ ■■ • :ii- ' ::.ir.i< t( r .-.rily ''i« . ';:. t' fi ■.i-ir< - <■!' ihr <ii vrlnpnient of the heart lari he ^iv<ri. For further details 
the n;i<li i i ■ r- :'' r :- i i . thr l-. .\!.-l)ut/K. , .f < ryr. \ . ,i, .^v. 
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invests the heart and the portions of the great vessels within the pericardial sac, is known as the 
epicardium (see page 172). 

The pericardial sac is conical in shape (Figs. 452, 461, 462, and 533), the base of the cone 
being directed downward and firmly adherent to the tendinous center of the diaphragm, while its 
apex is directed upward and is adherent to the wall of the aorta at the junction of the ascending aorta 
with the aortic arch. The entire ascending aorta consequently lies within the pericardial cavity 
(Fig. 534), which also contains the pulmonary artery up to the site of its bifurcation and the small 
portion of the inferior vena cava situated above the diaphragm. That portion of the superior 
vena cava which is below the entrance of the vena azygos is also included within the pericardial 
sac, but the epicardium extends higher upon the anterior surface of the vessel than upon its 
posterior surface. The pulmonary veins are within the pericardial cavity almost up to their 
points of exit from the hilus of the lungs. 

The vessels pass through the pericardial sac in such a manner that the fibrous layer of the 
pericardium adheres to the wall of the vessel at its entrance into the sac, while the serous layer 
is reflected upon the vessels as the visceral layer or epicardium (Figs. 533 and 534). This re- 
flection of the parietal into the visceral layer takes place only in two situations, however, and not 
upon each of the eight vessels passing through the pericardial cavity. The two arteries, con- 
nected by fibrous tissue, have a common epicardial sheath, and in a similar manner the parietal 
layer is reflected as epicardium upon the atria and their afferent veins. There is thus formed a 
broad transverse foramen which is bounded anteriorly by the arteries and posteriorly by the 
atria and the superior vena cava (Fig. 534) ; it is known as the transverse sinus of the pericardium, 
and in the adult is large enough to admit three or four fingers. Deep pockets also occur between 
the atria and the points of exit of the individual veins, especially between the left pulmonary 
veins and the left atrium. 

The shape of the pericardial cavity is that of an isosceles triangle. From the base, which 
is attached to the diaphragm, the short right side passes almost vertically upward to the apex, 
while the longer left side pursues an oblique direction. The anterior surface of the pericardial 
cavity lies behind the sternum and the costal cartilages, to which it is connected partly by loose 
connective tissue and partly by stronger fasciculi, known as the sterno pericardiac ligaments^ and 
in the child the thymus gland (see page 107) covers a considerable portion of this surface; in the 
adult, however, only the remains of the thymus arc to be found. The lateral surfaces of the 
pericardial cavity are in contact with the pericardiac pleura (see page 112); the posterior 
surface forms the anterior lx)undary of the posterior mediastinum (see page no) and is rather 
firmly connected with the crsophagus and the aorta. 

A small portion of the anterior surface of the pericardium lies to the left of the sternum in 
the region of the attachments of the fifth to the seventh costal carlihiges and the intervening inter- 
costal spaces, and is immediately behind the anterior thoracic wall without a pleural covering 
(see page no). 

The pericardium together with the heart is in contact with the following organs: with the 
lungs, producing the cardiac impression in each viscus; the base is in contact with the diaphragm 
and indirectly with the liver and stomach; the apex is in relation with the large vascular trunks 
above the heart and also with the thymus gland and the Gesoi)hagus. 
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In the upper portion of the posterior wall of the pericardium between the left superior pul- 
monary vein and the base of the left auricular appendage is situated a fold which gradually dis- 
appears upon the posterior wall of the left auricle. It is known as the fold of the left vena cava, 
since it corresponds to the embryonic left superior vena cava, which is subsequently obliterated 
with the exception of the portion forming the oblique vein of the left atrium. 

The serous cavity of the pericardium is filled by a somewhat larger quantity of fluid (several 
cubic centimeters) than is usually observed in serous cavities in general. 
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Abdominal cavity, 67 

orifice of Fallopian tube, 147 

portion of ureter, 120 
Accessory pancreatic duct, 63 

parotid gland, 39 

sinuses of nasal cavity, 89 

spleens, 66 

suprarenal glands, 124 

thyreoid glands, 106 
Adam's apple, 90 
Adipose capsule of kidney, 118 

folds of pleura, 113 
Aditus glottidis inferior, 98 
superior, 98 

laryngis, 42, 97 
Agger nasi, 88 

Aggregated lymphatic follicles, 21 
nodules of small intestine, 49 
Als of nose, 86 
Alar cartilages, 87 
AUantois, 125, 126 
Alveolar periosteum of teeth, 27 
Alveolo-lingual glands, 40 
Ampulla of Fallopian tube, 147 

of vas deferens, 134 
diverticula of, 134 

rectal, 55 
Anal membrane, 21 

orifice, 56 

portion of rectum, 55 
Anastomoses of arteries, 165 

of veins, 165 
Angiology, 164 

general, 164 

special, 167 
Annular ligaments of trachea, 99 
Annulus, hemorrhoidal, 56 

preputial, 141 
Anococcygeal ligament, 158 
Anomalies, dental, 34 
Anterior ceratocricoid ligament, 93 

columna rugarum, 152 

commissure, 153 

fornix of vagina, 152 

laryngeal glands, 98 

lingual gland, 40 

longitudinal sulcus of heart, 170, 171 

mediastinal lamina, 112 

mediastinum, 109 

pyloric ligament, 47 
Antrum, pyloric, 45 
Anus, 56 
Aortic orifice, 179, 180 

semilunar valves, 174 
Apex nasi, 86 

of arytenoid cartilages, 92 



Apex of heart, 170 

of lung, 100 

of prostate, 135 

of suprarenal glands, 124 
Apical notch of heart, 171 
Aponeurosis, pharj'ngeal, 43 
Appendices vesiculosa, 148 
Appendix, mesenteriolum of, 84 

of epididymis, 131 

of ventricle of larynx, 98 

testis, 126, 131 

vermiform, 51. See also Vermi- 
farm appendix. 
Arantius' nodule, 174 
Arches, dental, 27 

glossopalatine, 24 

of cricoid cartilage, 91 

palatine, 24 

pharyngopalatine, 24 
Arcuate crest of arytenoid cartilage, 92 
Area cribrosa, 119 
Arterial blood, 167 
Arteries, 164 

anastomoses of, 165 

gastrica dextra, 47 
sinistra, 47 

gastroepiploica dextra, 47 
sinistra, 47 

hepatic, 62 

lingual, 40 

pyloric, 47 

ranine, 40 

recurrent, 165 

sheaths of, 166 

situation of, 165 

splenic, 66 

terminal, 165 

umbilical, 169 

walls of, 164 
Articulations, cricoarytenoid, 93 

cricothyreoid, 93 

of larynx, 93 

of teeth, 31 
Ar^'comiculate synchondrosis, 94 
Aryepiglottic folds, 97 
Aryepigiotticus, 96 
Arytaenoideus muscle, 96 

obliquus muscle, 96 

trans versus muscle, 96 
Arytenoid articular surface of cricoid 
cartilage, 91 

cartilages, 90, 92, 93 
Ascending colon, 53 

mesocolon, 76 
relations of, 77 
Atria, 88 
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Atrial septum, 171 
Atrioventricular fasciculus, 173 
orifice, 167, 172 
rings, 173, 174 
valves, 174 
Atrium of heart, 167, 171 
left, 179 
septum of, 179 
shape of, 179 
musculature of, 173 
right, 176 
septum of, 177 
shape of, 177 
venous sinus of, 176, 177 
septum of, membranous portion, 

177 
surfaces of, 175 
walls of, 1 72 
Auerbach's plexus, 56 
Auricles of heart. See Atria of hearL 
Auricular appendage, 176 

canal, 180 
Axillary line, 103 
Azygos uvulae muscle^ 25 



Bartholin's duct, 39 

glands, 155 
Bauhin's valve, 52 
Bertini's columns, 119 
Bicuspid valve, 179 
Bladder, urinary, 116. See also 

Urinary bladder. 
Blandin's gland, 40 
Blood, arterial, 167 

circulation of, 167 
fetal, 169 
greater, 167 
lesser, 165 
pulmonary, 167 
systemic, 167 

venous, 167 
Blood-vascular system, 167 
Blood-vessels, 164, 167 

development, 166 
Broad ligaments of uterus, 77, 151 
Bronchi, 99, 100 

eparterial, 103 

hyparterial, 103 

main, 105 

walls of, 100 
Bronchial rami, 103 
Broncho-oesophageus muscle, 45 
Brunner*s glands, 50 
Buccs, 22 
Buccal cavity, 21 



Buccal fat mass, ai 




Colon, hepatic Qexure of, 53 


gUnds, 13, 4D 


glands. .38 


sigmoid. 54 J 


BucvophatyngFus mutcif, 4,) 


Cavity, abdominal, 67 


relations of periloncum Uk Jl] 


Bulb of corpus sponRiosum. 140 


laryngeal, g; 


splenic llexure of, 53 9 


BulbacavcTnoGiu muscle. t6o 


naaal. 87 


trans^Tise. 54 1 


Bultovurelbral glands, 137 


accessory s!nus«s of. 89 


Columns catRHe, 175 ■ 


Bulbut oi-arii, 147 


development, 90 


Columns of Bcttini. up ■ 


vcslibuli, IS5 


of Rosenmtiller, 43 


bluod-supply of, 155 


peritoneal, 73 


of Morgagnf, 56 ■ 


tymphatic& of, 156 


pharyngeal, 41 


renal, 119 ■ 




pleural, 109 




Buna of itnsor vcli paUlini, 96 


serous, 19 


labial. 11 1 


omentalU 67, 81 




Common meatus of nose, SS 


in(erioT recess o(, 73, 81 


Cement, looth, 17 


Concha, nasal. 88 ' 


isihmus of, Si 


Central tract of thymus gUnd. 107 


suprcma, 38 


relarions of, 8j 


Cephttlophurvngeus muscle. 43 
CeralocHcoid ligamenls, 93 


veJlous plexus of, 89 


Splenic recess of, 83 


Cone, inguinal. 1:7 


superior recess of. 8j 


Ceralocricoideus muscle, 96 


Conical papilla: of tongue, 35 
Constrictor pharvngeua mediiu mo*- 


araiu, Bo 


Ccratopharrngeus muscle, 43 


pharyngra, 41 


Cervii utcii, 148 


cle.43 ■ 




canal of, 149 


inferior muscle, 4 j 




Chambers of heart 167 


superior muscle, 43 i 




Cheeks, ^2 


Conus arteriosus, 171. 17S 


Cmui. told. 83 


blood -supply of, 40 


Convoluted portion of conical lobuK 


recess, 85 




of kidnev, 119 


Gecura, 51. li 




Cor. 164, I ;o. See also /Twrt, 


Calyces, renal, iig 


Chondxoglosius muscle, 36 


Comiculale cartilages. 90, 91, 93 


Canal of cervix uteri, 140 




tubercles, g.;, 97 


renal. 126 


Chotdje tendineie, 1 75 


Comiculopharyng^ ligament. 94 


CaniiKS. 18, sq 


Chyle. 164 


Comua, thyreoid, qr 1 


deciduous, 31 




Corona dentis, 17 1 


Capillaries, 164 


layer of slomach. 47 


glandis,.4, J 


Capsule, cricoaryientwd articular, gj 




Coronary- ligament of liver. 74 M 


cricolbviroid articular, 93 


Ctrculaiion of blood, 167 


sinus of heart, valve of, 177 ■ 


ot GlUson, 58 

of Iridney, adipose, 1 18 


fetal, 169 


sulcus of heart, 170 1 


greater, 167 
lesser, 167 


Corpus caveraosum of ditoria. tS^M 


fvbious, Its 


of glans penis, 141 M 


muscular, u8 




of penis. 140 V 
devdopraeol. 141 ^ 


of Hver, fibrous, $S 


syslemic, 167 


Caput of epididvmis, 139. 131 


Citcum vallate papill.T of tongue. 35 


of urelhra, 140 


Cardia, 45 


Clilotis, 1^7, 154 


development, 141 


rela lions of, 46 


angle of, 154 


of vessels. 166 


Cardiac. S«e Hr^rl. 


blood-supply of, 155 


glandulare. 136 


impression of lunfc, 101 


corpora cavernosa ii, 154 




notch of lung, 103 


crura of. 1 54 


of epididymis, 119 


Carina. 88 


fascia of, 154 


of seminal %-e«cles. 134 


Carolid gland. 1A6 


frenulum of, 154- -SS 


spongiosum, 140 


Cartilages, alar, 87 


lymphatics of. 156 




arytenoid, go, 91. qj 


nerve-supply of, 156 


uleri. 148 


comiculale, 00. gj, 93 
cricoid. 90, 01, Q3 
surfaces of, Qi 


prepuce a!, 154. 153 


Cortex of kidney, 119 

of suprarenal glands, 134 
Cortical lobule of kidney, iig 


SUSpcnsorj' ligament ol, 154 
Cloaca. ij6 




Cloaca! membrane, 116 


portion of ovary, 143 


rpiBlollic, qj, 93 


opening, 127 
Coccygeal gland, tM 


Costal pleura, 111, iij, u6 


laryngeal, ^ 


surface of lungs, tol 


ossification of. gi 


Coccygeus muscle. 158 


Costomediastinal sinus. 113 


nasal, 87 


Cdlom, 56 


Cowper"* glands. 137 


of Santorini, 91, 93 


Colic impression of liver, S9 


Cremasler extemus musck. 133 


of Wriabtrg, 93 


Colliculus, 02 


intemus muscle, 133 


sesamrad nasal, 87 


lateral sulci of, 137 




thyreoid, go, gi, 93 


seminalis. 137 


Cremasteric fascia. 133, 1*9 

Crest, arcuate, of arilendd cartilage, 


Imcheal, 99 




vomeronasal. Sg 


Collum denlis. 17 


9a 


Canilagines triticeic, gr, 93, 94 


Colon, St, SI 


Cribrum henedictum. 119 




ascending. S3 


Cricoariticnoideuii lateralis muscle. 96 


Cauda of epididymis, ijg 


blood-supply of, 56 


posterior muscle. 95 


Cmudate lobe of liver, 59 


descending. 54 
Sexurcs of, 53 


Cricoarytenoid articular capsules, 93 


process of Jirer, 58, 59 


articula lions. 93 
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Cricoarytenoid ligament, posterior, 93 
Cricoid cartilage, 90, 91, 93 

surfaces of, 91 
Cricopharyngeal ligament, 94 
Cricopl^arv'ngeus muscle, 43 
Cricothyreoid articular capsule, 93 

articulations, 93 

ligament, 95 
Cricothyreoideus muscle, 95 
Cricotracheal ligament, 94 
Crista terminalis of right atrium, 176 
Crown of tooth, 27 
Crura of clitoris, 154 

of penis, 140 
Cuneiform cartilages, 90, 93 

tubercle, 97 
Cuspid valves, 174 
Cutaneous veins, 165 
Cystic duct, 58, 61 



Dartos muscle, 139 
Deciduous teeth, 31 
eruption of, 32 
Deep veins, 165 
Dental anomalies, 34 
arch, inferior, 27 

superior, 27 
formula, 29 

for deciduous teeth, 32 
Denies serotini, 31 
Dentine, 27 
Dentition. See Teeth. 
Denture, 27 
Descending colon, 154 
mesocolon, 76 

relations of, 77 
portion of duodenum, 50 
Descensus ovariorum, 127 

testiculorum, 127, 128 
Diaphragm, 67 
pelvic 159 

inferior fascia of, 161 
superior fascia of, 1 62 
urogenital, 159, 162 
Diaphragmatic pleura, in, 113 
Digestive apparatus, 17, 21 

tract, 18 
Diverticula of ampulla of vas, 134 
Diverticulum, duodenal, 50 

ilci, 57 

Meckel's, 57 

of Vater, 50 
Dome of pleura, iii, 113 
Dorsum penis, 139 
Douglas' pouch, 77 
Duct, cystic, 58, 61 

ejaculator}', 137 

excretory, of seminal vesicles, 134 

Gartner's, of mammalia, i2() 

hepatic, 58 

longitudinal, of epoophoron, 148 

Miillcrian, 126 

nasolarhr\'mal, 88 

of Bartholin, 39 

of epididymis, 131 

of epoophoron, 148 
transverse, 1 48 



Duct of Rivinus, 39 

of Santorini, 63 

of Stenson, 89 

of Wirsung, 63 

omphalomesenteric, 56 

pancreatic, 63 
accessory, 63 

papillary, of kidney, 119 

paraurethral, 155 

parotid, t^^ 

prostatic, 136 

sublingual, 39 

submaxillary, 39 

WolfTian, 125 
Ductuli aberrantes, 131 

cfTcrentes, 129, 131 
Ductus arantii, 58, 169 

arteriosus, 1 69 

Botalli, i6() 

choledochus, 50, 58, 61 

communis choledochus, 50, 61 

deferens, 133 

incisivus, 89 

Stensoni, 38 

thyreoglossus, 106 

venosus, 58, 169 
fissure for, 58 

Whartoni, 39 
Duodenal diverticulum, 50 

glands, 50 

impression of liver, 59 

papilla, 50 
Duodenojejunal flexure, 57 

fold, 83 

recess, 85 
Duodcnomesocolic fold, 82 
Duodenorcnal ligament, 2>^ 
Duodenum, 48, 49 

bloo<l-sup[)ly of, 56 

longitudinal fold of, 50 

relatitms of, 49 
Dura mater, sinuses of, 166 



KjACULATORY duct, 1 33, 1 35, I37 

Elastic cone of lar}'nx, (;5, 97 

membrane of larynx, 97 
Emissaries, 166 
Enamel, tooth, 27 
Endgut, 51 
End(Kanlium, 174 

development, iSo 
Endometrium, 150 
Epartcrial bronchi, 103 
E|)i(;irdium, 172, icSi 
Ej)idi(lymis, 125, 129 

appendix of, 131 

l)l<M)d-suj>ply of, 133 

body of, I 2() 

(aj)Ul of. I j(), 131 

tauda of, i2i) 

corpus of, I2i) 

duct of, 131 

head of, 1 20, 131 

ligaments of, 131 

l()l)uli of, 131 

sinus of, i2g, 131 

tail of, 129 



Epigastric fold, 8i 
Epiglottic tubercle, 92, 98 

vallecula, 34, 97 
Epiglottis, 90, 92, 93 

petiole of, 92 
Epiploic apj)endages, 52 

foramen, 82, 
Epoophoron, 125, 148 

transverse ducts of, 148 
Eustachian tube, orifice of, 41 

valve, 169, 177 
Excretor}' duct of seminal vesicles, 134 
External genitalia, 125 
female, 153 
male, 138 

inguinal fossa, 82 

orifice of urethra, 155 

OS uteri, 149 



Falciform ligament of liver, 59, 73 
Fallopian tubes, 126, 147 
blood -supply of, 148 
lymphatics of, 148 
nerve-supply of, 148 
orifices of, 147 
relations of, 147 
walls of, 147 
False vocal cords, 98 
Fascia, cremasteric, 139 
endopelvina, 162 
lingual, 34 
obturator, 163 
of clitoris, 154 
of pelvic diaphragm. Inferior, 161 

superior, 162 
of penis, 141 
jK'lvic, 162 
perineal, 161 
phar}'ngobasilar, 43 
prostatic, 136, 162 
rectovesical, 162 
superficial j)erineal, 161 
vesical, 162 
Fasciculus, atrioventricular, 173 
Fat mass, buccal, 22 
Fauces, isthmus of, 24 
Female genitalia, 142. See also 

GenUalui, jemale. 
Fetal circulation, 160 
Fibrous appendix of liver, 59, 61 
capsule of kidney, 118 

of liver, 58 
rings of ostia venosa, 173, 174 
trigones of heart. 174 
Filiform papilla* of tongue, 35 
Fimbria of Fallopian tulK", 147 

ovarira, 143, 147 
Fimbriate hymen, 153 
Fissure for du( tus venosus, 58 
for gall-bladder, 5S 
for vena cava, 5S 
interlobar, 102 
I portal. 5S 

umbilical, of liver, 58 
I Flexure, dutxlenojejunal, 57 
of (olon, 53 
rectal, 35 




Ihvrcnid. qi 

Fomii of ta^na. 15: 
FoHi, tngiDBaL Si 



inlrniil. 81 

ncbuvtcul, 161 
BBVicnlaru. ijS. 154 
<d Mof^gm. ijS 
twiaB. l«, .77 
nqsaloBsuut, 25 
Wl i rawB rat Si, 8; 



Fovea fcsKxalts. 81 

oUoa^ of amcnad frtibgc 9> 

iriangnUr, of uyteaoid utnihge. 91 

supnTvsUaL 11 1 
Free band ti luge iiurstjac. 51 
FrcDiila ei fipa. 11 
Fmiutiiin (d dilons, 154. 155 

<d bbu nuoan, 154 
i4» 



Fungiform papilke of tongue, 3; 

GaLL'BUDDEB. 61 

fissure for, 5S 
Ganncr's dud of nuunmalia, 12G 
Gottric areas, 47 

impnesson ct Uvrr, JQ 

vans, 47 
GastHra deilia artery, 47 

simslia artery, 47 
Gastrocolic ligament, 75 

Gastnwpiploica dcxua antjy, 47 

Gosimpancreatic fold, Sj 
Gaslrosplenic ligament, 75 
Genioglossus miistle, 36 
Genital apparatus, 17 

folds. 117 

gjand. 11$, 116 






5«e 1 



tract. iS 

Gfnilalia, ir6. iij 
deT clupui ent. its 



Gcntta&a, Eroale. 14J 





'53 
41 


m^»S 




olenul. 11$. 


ijS 


iatH™l. .,5. 


iiS 


rriatiaos irf. Id p 




Cbpn 72 






Bnnaa'i, 50 






Ijniphatk:, iGfi 
sapB&ial, 19 

of Bartbobo. 155 



of Covpci, 1 17 
of NuhB, 40 

1 c»«iiT. 37 



palatine 14. 4° 
(•rntid. 38 

tiaoi-sappij of, 41 
orrrc-tupptjr of. 41 
[diaTyngcal. 43 

^Umgoal, 39 

filf»>i-iupplT rtl. 4r 
Rcn-e-i-upptv .;J. 4, 
subraanllari-. 50 
blood -supply o(, 41 
nersT-^uppIr of. 41 
suprarenai, 114. See also Supra- 

renal glands. 
thmtu^ ro7. SeeakaTATMBifLiW. 
thrreoid. 105. Sec afao Thjretii 
gland. 
GUndulz ■'I -"*»■. 18 

Fvehenles. iS 
Glans clitoridis, 154. 155 
penis, ijq. 140. 141 
septum of. t4l 
GUsson's capsule. 5S 
Glomus, 166 
caroudeum. 166 
CTXxygeum. 166 
Glossoepi^otlic folds, 97 

median. 34 
Glosopalatiae arch, 14 
G1cs«opalalinus muscle. :d 
Glossophan'ngeus muscle, 43 
Glottic, a; 

Grasfun follicles. 143 
Great omentum. 67. 75 
Greater alat caitiUges, 87 
circulatioii, i6j 




apical notch of. 171 

alrta A 167, 171. Se« also Atrit * 

■Dicks of. 16}, 171. See aUo 



nbea of, 167. 171 
ianer nirfaors of, 175 
descrifitioo tA, 175 

fibnui riqp of. 1X3, «M 
biccomof, 174 

Derre-supply of, iSo 
posilioR \i. 171 
relilioca fi. 1 70 
suki U, 170, 171 
siD&ces of. 170. 171 
ralrts of, 167, 174 
iTncriclrES of. 167, 171. See 
Vtntricles a/ Jkoirt. 



I 



waU of. 171 
Beisleri valine, 61 
Hemorriuadal annulus, 56 
Hepar. 57. See abo Ltvtr. 
Hepatic arten'. 6j 

Benrc cf colon. 53 
H^alocolic tigamenl, 81 
Ilepalodaodciial ligament, 58, 75 
Hepllogaslric ligament. 75 
Hepatorenal ligament, S3 
Highmore, body of. 119 
Hilus of kidney, 118 

of ovary, 143 
of spleen, 65 

of suprarrtial glands, tsi 
Hiodgut, It. 51 



Hydatid* of iltagfitpi, iji. 
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Hymen, 153 

feminus, 153 

fimbriatus, 153 
Hyoepiglottic ligament, 94 
Hyoglossus muscle, 36 
Hyopharyngeus muscle, 43 
Hyothyreoid ligaments, 94 

membrane, 94 
Hyparterial bronchi, 103 



Ileocecal fold, 83 

recess, inferior, 85 
superior, 85 

valve, 52 
Ileum, 48, 51 

Iliococcygeus muscle, 156, 158 
Incisive papilla, 24 
Incisors, 28, 29 

deciduous, 32 
Inferior dental arch, 27 

ductulus aberrans, 131 

extremity of testis, 129 

fascia of pelvic diaphragm, 161 

ileocaecal recess, 85 

ligament of epididymis, 131 

meatus of nose, 88 

portion of duodenum, 49 

recess of bursa omentalis, 73, 82 

surface of pancreas, 62 
of suprarenal glands, 124 

thyreoid notch, 91 
tubercle, 91 

vena cava, valve of, 177 
Infundibulo-ovarian ligament, 143, 

M7 
Infundibulo-pelvic ligament, 143 

Infundibulum, 126 

of Fallopian tube, 147 
Inguinal cone, 127 

fossse, 81 
external, 82 
internal, 81 
middle, 82 

ligament of Wolffian body, 127 

portion of vas deferens, 134 
Interarytanoid fold, 97 

notch, 97 
Intercartiiaginous portion of rima 

glottidis, 97 
Interlobar fissures of lungs, 102 

notches of lungs, 102 
Intermediar\' cusps, 174 
Intermcmbranous portion of rima 

glottidis, 08 
Internal genitalia, 125 
female, 142 
male, 128 

inguinal fossa, 81 

OS uteri, 140 
Intersigmoid recess, 85 
Inter\'cnous tul)erclc, 177 
Interventricular sulcus, 180 
Intestinal loop, umbilical, 57 

tract, 18 

development, 20 

villi, 48 



Intestine, large, 51. See also Large 
intestine. 

mesenterial, 48, 50 
blood-supply of, 56 

small, 47. See also Small intestine, 
Intcstinum tenue, 47. See also Small 

intestine. 
Introitus of vagina, 152, 153 
Invagination, oral, 27 
Ischiocavernosus muscle, 160 
Ischiorectal fossa, 161 
Isthmus of bursa omentalis, 83 

of Fallopian tube, 147 

of fauces, 24 

of prostate, 135 

of thyreoid gland, 106 



Jacobson's organ, 89 
Jejunum, 48, 50 



Kidneys, 116, 117 

adipose capsule of, 118 
blood-supply of, 120 
cortex of, 119 
cortical lobule of, 119 
coverings of, 118 
development, 1 26 
fibrous capsule of, 118 
hilus of, 118 
lymphatics of, 120 
medulla of, 119 
muscular capsule of, 118 
ner\'e-supply of, 120 
papillary ducts of, 119 

foramina of, 119 
pyramids of, 1 19 
relations of, 117, 118 
situation of, 117 
surfaces of, 117 



Labia majora, 127, 153 
bUxxl -supply of, 155 
lymphatics of, 156 
nerve-supply of, 156 

minora, 127, 154 
blood-supply of, 155 
lymphatics of, 156 
nerve-supply of, 156 

of OS uteri, 149 

v(xalia, 97 
Labial commissures, 22 

glands. 22, 40 
Lacuna magna, 138 

of Morgagni. 138 

urethral, 13S 
Lamina, nu-diastinal, 100. 112 

mesenterii propria, 20, 73 

of (TJioid cartilage, 91 
Large intestine, 51 
bands of, 51 
dewlopint'nt, 56 
haustra of, 51 
interior of, 52 
lymphatics of. 56 
mucous membrane of, 52 



Large intestine, muscular coat of, 52 

nerve-supply of, 56 
Larger vestibular glands, 155 
Laryngeal cavity, 97 

glands, 98 

portion of pharyngeal cavity, 41, 42 

prominence, 90 

protuberance, 91 

sac, 98 

vestibule, 97 
Laryngo-pharj'ngeus muscle, 43 
Laryngopharynx, 41, 42 
Lar>'nx, 90 

articulations of, 93 

blood-supply of, 98 

cartilages of, 90 
ossification of, 93 

elastic cone of, 95, 97 
membrane of, 97 

entrance to, 97 

female, 98 

ligaments of, 93 

lymphatics of, 98 

male, 98 

mucous membrane of, 97 

muscles of, 95 

nerve-supply of, 98 

oblique line of, 91 

relations of, 90 

skeleton of, 90 

ventricle of, 98 
Lateral ceratocricoid ligament, 93 

fornix of vagina, 152 

glossoepiglottic fold, 34, 97 

hyothyreoid ligament, 94 

lobes of thyreoid gland, 106 

nasal cartilages, 87 

pulx)prostatic ligament, 136, 163 

pubovesical ligament, 163 

sulci of colliculus, 137 

umbilical fold, 81 
ligament, 121 
Left atrium of heart, 179 

flexure of colon, 53 

lobe of liver, 59 

ostium venosum, 172, 179, 180 

pleural cavity, iii 

sagittal fissure of liver, 58 

triangular ligament, 74 

vena cava, fold of, 182 

ventricle of heart, 179 
Lenticular papilla? of tongue, 35 
Lesser alar cartilages, 87 

circulation, 167 

cur\'ature of stomach, 45 

omentum, 6q, 75 
anterior layer of, 75 

peritoneal sac, 82 

renal calyces, 119 

sac of peritoneum, 67 

sublingual ducts, 39 

vestibular glands, 155 
Levator ani, 156 

glandulx thyreoidea?, 106 

veli palatini muscle, 25 
Lien, 65. See also Spleen. 
Lienophrenic ligament, 75 
Lieutaud's triangle, 122 



I 



Ligaments, annular, of ir.iches. ^ 


Lingual tonsil. 35 


Lungs, surfaces of, too, toi J 


anococcygeal, 158 


blood-supply of, 4<> 


tissue of, ,o» J 


anlfrior pyloric, 47 
broad, of utems. 77, iji 


Lunulc of valves, 174 1 


frenula of, 31 


Luschka's gland. i6(j | 


ccralocricuid. 93 


lymphatics of, 4* 


Lymphatic follicles, nggregnlcd, si , 




nerve-supply of, 40 


glands, .66 








«>ron.iy. of liver. 74 


tubercle of, li 


nodes, 166 


cricoarytenoid, posterior 93 


vesseU of, 40 


of small intestine, aggregated, 49 


critophar>-tigeBl. 94 
cnctflhyrccHd. 55 


Liver. 57 




blood-supply of. 61 
capsule of, fibrous. 58 


^■esscls, 164 


cricolrachpal, 94 ' 






caudate lube of, 59 




falcifonti, of liver, 59, 73 


process of, 59 




fundiform, of penis, 143 


coiic impression of, 59 

coronar>- ligament of, 74 


MActXA flova, 98 


gutrocolic. 75 


Main bronchus, 105 


cr*;-i." 


development, ttt 


Male genitalia, 128. See also Gfni- 


ductus venosus fiiaure of, jfi 


lalia. malt. 






Mammillaiy line, 103 


hepoloeaslric. 75 


falctform ligament of, 73 


Meattis, nasopharyngeal, 83 


heputorens!, K.; 


fibrous appendix of, 5g, 61 


Meckel's diverticulum. 57 


hyothytefsd, 94 
infundibulo-ovarian, 14$, 147 


fissures of, 5S 




gastric impression of. 59 
fcft lobe of, 59 


umbilical fold, 8. 


inguinal, of Wolffian body, 1*7 






nerve-supply of. 61 


pleura, .„, nj 


Uenophrtnic, JS 


Gfsophageal impression of. S9 


:K-of°?ungs. .0. 


of epididymis, 131 


papillary process of, 59 


of latynx, 93 


position of, 60 






quadrate lobe of, jp 


nntiTior, 109, 110 




relations of, 60 


of testis. IJ9 


phrenicocolic, 76 


renal impression of. 5) 




posterior pyloric, 47 


right lobe of, 59 


upper portion of, i la 


Poupart's, 8j 


round ligament of, 58 
sagittal fissures of, 58 


Medulla o£ kidneys, 119 
of suprarenal glands, 114 


puboprosutic, 136 


Uteml, 163 


Spigelian lobe of. 5g 


Medullary portion of ovary, 14J 


middle, i6a 


mbatance of j9 


Meusnvr, tileius of, 56 




iurfac«s of vi 




middle, i6i 


suspenson 1 gament of 73 




pulmonan', [13 


triangu r gam nl I 4 
umbil j1 tssu t 58 


pharj-ngeal, 11 


round, of liver. 58, 151 




stcmopericardiac, i8i 


notch of :;S 


sublingual mucous, 36 


.suspensory, 59, 142 


vasa aberrant a of 61 


Membranous portion of male urethra. 


of clitoris. 154 


Lobes of 1 roslatc 13s tl6 


>J15. '37 


of Uvcr, 73 


Lobules of thymus gland 107 


wall of trachea, 99 


of ovary, 143 


Lobuli of epididymis, 131 


Menlol.ibial groove. 22 


thyreoepiglottic. 94 


Longitudinal duel of epoophoron, 148 


Mesenchvme. 166 




fold of duodenum, 50 


Mesenterial intestine. 48, 5° 


triangular, of liver, 74 


Longitudioalis inferior muscle, 37 


blood-supply of, 56 


umbilical, 131, ij6 


superior muscle, 37 


Mesenteries, 73 


uteroMcral, 151 


Lower lobe of lungs, loi 




ventricular, 95 


Lower's tubercle, 177 


Mtsenicry, ao, 76 


vocal, OS 


Lungs, too 


of small intestine, 76 


Ligamcntumarttriosum, i6g 


apex of, too 


rt-it of, 76 


latum, .5. 


base of. TOO 


Mcs-jca-rum, 53, 76 
Mescjcolic band, 51 


teres, 58, 15. 


blood-vessels of, 105 


Limbus of fossa ovalis. 17; 


cardiac impression of, lol 




of Vieusscns. ijj 


notch of 103 


relaiions of, 77 


LimcD nasi. 88 


development. 105 


descending, 76 
relations trf, 77 


Lingua, 34. See also ToHfue. 


hilus of, 101 


Lingual arteries. 40 


interiobar fissures of, 101 


sigmtad, 77 


duct, 34 


left and right, difference*, lOi 


transverse. 75 


fasda, 34 


lobes of. 1 01 


Mesogastrium, 67 


follicles. 35 


lymphatics of, 105 


Mrsomclrium, 78, 151 


glands. 40 


neri'c-supply of, loj 


Mcsoteclum, 55, 77 


muscles, 36 




Mesosalpinx, 77. 147 


nerve-supply of. 37 


right and left, differences, los 


Mesovurium, 77 


papiJlar, 35 


Tool of, lot 


border of ovary, 143 
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Metanephric blastema, 126 
Middle hyothyreoid ligament, 94 

inguinal fossa, 82 

laryngeal glands, 98 

lobe of lungs, 102 
of prostate, 136 

meatus of nose, 88 

puboprostatic ligament, 162 

pubovesical ligament, 162 

umbilical ligament, 121, 126 
Midgut, 21, 47. See also Small in- 
testine. 
Milk teeth, 31 
Mitral valve, 179 
Molars, 28, 30 

cusps of, 31 

deciduous, 32 

glands of, 40 

lower, roots of, 31 
Morgagni's columns, 56 

fossa, 138 

hydatids, 148 

lacunx, 138 

sinus, 56 

ventricle, 98 
Mucous tract, 18 
Mtillerian duct, 126 
Muscular capsule of kidney, 118 

impression of kidney, 117 

process of arytenoid cartilage, 92 
Musculi pectinati, 175 
Myenteric plexus, 56 
Mylopharyngeus muscle, 43 
Myocardium, 166 

development, 180 
Myometrium, 150 



Nares, 86 
Nasal cavity, 87 

accessory sinuses of 89 
development, 90 

portion of pharyngeal cavity, 41 

septum. See Nose, septum of 
Nasolabial groove, 22 
Nasolachrymal duct, 88 
Nasopharyngeal meatus, 88 
Nasopharynx, 41 

Nasus extemus, 86. See also Nose. 
Navicular fossa, 138 
Nodes, lymphatic, 166 
Nodule of Aurantius, 174 

of valves, 174 
Nose, 86 

alee of, 86 

base of, 86 

blood-supply of, 89 

cartilages of, 87 

conchai of, 88 

dorsum of, 86 

lymphatics of, 89 

meatus of, 88 

mucous membrane of, 89 

nerve-supply of, 90 

pits of, 90 

root of, 86 

septum of, cartilaginous, 86 
sphenoidal process of, 87 



Nose, septum of, membranous, 86, 87 
mobile, 86, 87 

skeleton of, 86 

tip of, 86 

turbinated bodies of, 88 

vibrissas of, 88 
Nostrils, 86 
Notch, pancreatic, 63 
Nuhn's gland, 40 



Oblique line of larynx, 91 
Oblong fovea of arytenoid cartilage, 93 
Obturator fascia, 163 
(Esophageal impression of liver, 59 
CEsophagus, 44 

blood-supply of, 47 

nerve-supply of, 47 
Olfactory pits, 90 
Omental bSEind, 51 
Omentum, gastrocolic, 75 

great, 67, 75 

lesser, 69, 75 

anterior layer of, 75 
Omphalomesenteric duct, 56 
Oral cavity, 21 

development of, 27 
glands of, 37 
proper, 21, 22 

invagination, 27 

mucous membrane, 27 

orifice, 22 

portion of pharyngeal cavity, 41, 42 
of salivary gland, 38 
Orifices, aortic, 179, 180 

atrioventricular, 167, 172 

of cardiac veins, 177 

of venae cavai, 177 

pulmonary, 178 
Oropharynx, 41, 42 
Os uteri, external, 149 
internal, 149 
lips of, 149 
Ostia venosa, 172 

fibrous rings of, 173, 174 
Ostium abdominale, 147 

arteriosum, right, 178 

uterinum, 147 

venosum, 167 
left, 179, 180 
right, 178 
Ovarian artery, 147 

branch of uterine artery, 147 

fossa, 143 

ligament, 80, 143 
Ovary, 126, 142 

blood-supply of, 147 

descent of, 127 

hilus of, 143 

ligaments of, 143 

lymphatics of, 147 

nerve-supply of, 147 

relations of, 143 

surfaces of, 143 



Palate, 22, 24 
hard, 24 



Palate, hard, blood-supply of, 40 
nerve-supply of, 40 
lymphatics of, 40 
muscles of, 25 
soft, 24 
blood-supply of, 40 
nerve-supply of, 40 
Palatine arches, 24 
glands, 24, 40 
rugae, 24 
tonsil, 25 
Pampiniform plexus, 133 
Pancreas, 62 
blood-supply of, 65 
body of, 62 
development of, 65 
head of, 62 
lymphatics of, 65 
nerve-supply of, 65 
relations of, 63 
situation of, 63 
surfaces of, 62 
tail of, 62 

tuber omentale of, 63 
Winslowii, 62 
Pancreatic duct, 63 
accessory, 63 
notch, 62 
Papilla, duodenal, 50 
incisive, 24 
lingual, 35 
of Vater, 50 
renal, 119 
sphincter, 119 
urethral, 155 
Papillary ducts of kidney, 119 
foramina of kidney, 119 
muscles of mitral valve, 179 

of ventricle, 175 
process of liver, 59 
Paracolic recess, 85 
Paradidymis, 126, 131 
Parametrium, 80, 150 
Parasternal line, 103 
Parathyreoids, 106 
Paraurethral ducts, 155 
Parenchyma, 17 

Parenchymatous organs. 17, 18 
Parietal layer of peritoneum, 20 

peritoneum, 73 
Paroophoron, 126, 148 
Parotid duct, 38 
orifice of, 22 
glands, 38 
accessory, 39 
blood -supply of, 41 
lymphatics of, 41 
nerve -supply of, 41 
Parovarium, 148 
Pelvic diaphragm, 159 

inferior fascia of, 161 
superior fascia of, 162 
fascia, 162 

portion of ureter, 120 
of vas deferens, 134 
Pelvis, ligaments of, transverse, 163 
renal, 116, 119 

blood -supply of, 120 



Peius, ti7, 139 




Process, vaginal, taS 


atlachmenls of, ijg, nfl 


Phar)-nx, 41 


vocal, 9J 


blood-supply of, 141 


blood-supply of, 47 


Processus vermiformis, 53. See also 


corpus civemosum of, 140, 141 


nerve-supply of, 47 


Vermijonn apptiidix. 


faada of, 141 


Y.M of. 42 


ProsUte, 13S 
blood-supply of, 138 , 
isthmus of, 13s 
mustulaiure of, 136 


Ivmphatics of, 143 


Philtnim, 22 


rerve-supply of, 143 
septum of, 140 


Phrenicocolic ligament. 76 


Phrenicocostal sinus, 113 


sutfact^ of, 139, 140 


Piiifotm recesses, 41 


surfaces of. 135. 136 


urethral sulcus of, 140 


Pits, olfacloiy. 90 


Prostatic ducts, 136 


Pericardiac pleura, lU 


Pleura, 19, 109 


fascia, 136 


Pericardii! carilv, relaliona of. 181 


adipose folds of, ti3 


portion of male urclhia. 13s 


shape of. iS'i 


costal. 111. 113. 116 


ulriculus, 126, 137 


sac, lAo 




Prostaticus muscle. 136 


shape of. iSi 
Pericardium, 19. 166. 180 


dome of. 111, 113 


Protuberance, laiyngeal, gi 




' Plerygophar>-ngcus muscle. 43 


development, 180 


pericardiac, lu 


Pubococcygcus muscle, 136 


relations of. 181 


relations of, 113 






Pleural cavities, 109, iii 


lateral. 163 


Perimetrium, 80, 150 


sinuses, 113 


middle. i6j 


Perineal Casdx, 161 


villi. .13 


Pubovesical fold, 85 


muscles, 156 




fovea, 163 


Perineum, 127. 156 


Plexus, mventeric. 56 


ligament, lateral. 163 


fasda of, 161 


of Auerbaeh, 56 


middle, 161 


muscles of, 156 


of Meissner, 56 


Pubovesicalis muscle. 113 


transverse acpluoi of, 160, l6» 


pampiniform, 131 






pharyngeal venous. 47 


Vidva. 


Peritoneal cavity. 73 


jubmucous, 56 




sac, greater, 81 


vascolatts. 165 


circuialion, 167 m 


lesser. 81 


venous, of conchic, 89 


ligament. .12 ■ 


Peritoneum, 19, 66 


Pliui fimbriata, 36 


orifice, 178 ^ 


adhesions in, 70 


of peritoneum, Sj 


semilunar valves, 174 ■ 


development of, 67 


triangularis. 24 


Pulmones, 100. See also Luugt. 


in adult, 73 




Pulp-cavity of tooth, 27 


layers of, JO 


tubari^, 14 J 


Pyloric nntnim, 45 


lesser sac of. 67 


Pomum Adami, 90 


artery, 47 


parietal, mi, 73 


Porta hepalts, SS 


ligaiarat«, antetfor. 4|_^^^^^| 


piles of, Si 


Portal fissure, 58 


posteriOT, 47 ^V^^^H 


relations of, 74. 75 


vein, 62 


portion of stomach, 43 ^^^^^™ 


to bladder. 80 


Poslerior border (.£ testis, 119 




to genitalia, 77 


ccratocritoid ligaiiienl, 93 


Pylorus. 4j 


to rectum, 77 


colurana rugarum, 15; 


relations of, 46 


to sexual organs, 77 




Pyramidal lobe of thyterad gland, ic* 


to sigmoid colon, 77 


cricoarytenoid ligament, 93 


Pyramids, renal, 119 




fornix of vagina, 15; 




VB^rial process of, iiS 


laryngeal glands, 98 




viscera of, 20, 73 


lip of OS uteri, 149 


Quadrate lobe of liver, 59 


Permanent teeth, 31 


longitudi nal sulcus of heart, 1 70, 1 7 1 
mediaslinal laminiE, lu 




eruption of, 32 




Perpcndicularis linguK muscle, 37 


mediastinum, 109, 110 


Rahhted portion of cortical lobule 


Petiole of epiglotlis, ga 


pyloric ligament, 47 
surface of pancreas. 62 


of kidney, 119 


Petnisalpingt>staphylinus muscle, 15 


Rami, bronchial, ro3 


Pcycr's patches, 11. 49 


of su])rarcnal glands, 124 


Ramus hepalicus proprius, jS 


Pharyngeal aponeurosis, 43 


Poupart'a ligament, 83 


Ranine artcrj-, 40 




Prcroolars, a 8, 29 


Rectal ampulla. 55 


fornix. 41 


Prepuce, 141 


columns. 56 


glands, 43 


annulus of. 14> 


Sinus, 56 


membrane, 21 


frenulum of. 141 


ReclococcTgeus muscle, 56 




of clitoris, 154. 153 


Rcctoulenae fold, 84 


nerve-supply of, 44 


Preputial annulus, 141 




raphe, 43 


Prevesical space, 123 




recess, 41 




Ri-ctovesical fold, 84 


tonsil, 4. 


Process, caudate, 58, jg 


pouch, 77 


venous pleius, 47 


muscular, of arytenoid process. 91 


Reclovcsicalis muscle, 193 


wall, J 


papillary, of iiver, 59 


Rectum, 55 


Pharvngobaailar fascia, 43 




anal portion of, ss 


PhaiA-ngocpigloltic fold, 41 


sphenoidal, of nasal septum, 87 


blood-supply of, jo 




uncinate 62 


dnurci d, 55 
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Rectum, mucous membrane of, 56 

musculature of, 56 

relations of, in female, 55 
in male, 55 
to peritoneum, 77 

transverse folds of, 56 
Recurrent artery, 165 
Renal calyces, 119 

canal, 126 

columns, 119 

impression of liver, 59 

papillae, 119 

pelvis, 116, 119 

blood-supply of, 120 

pyramids, 119 

sinus, 118 
Renculus, 119 

Renes, 116, 117. See also Kidneys, 
Respiratory apparatus, 17, 86 

tract, 18 
Rete Halleri, 129 

mirabile, 165 

testis, 129 
Retia arteriosa, 165 

articularia, 165 

vasculosa, 165 
Retrocaecal recess, 85 
Retromandibular process of parotid, 38 
Retroperitoneal space, 86 
Right atrium of heart, 176 

flexure of colon, 53 

lobe of liver, 59 

margin of uterus, 148 

ostium arteriosum, 178 
venosum, 172, 178 

pleural cavity, in 

sagittal fissure of liver, 58 

triangular Hgament, 74, 76 

ventricle, 178 
Rima glottidis, 97 

oris, 22 

pudendi, 153 
Rivinus' ducts, 39 
Root of lung, 102 

of mesentery, 76 

of penis, 139 

of tooth, 27 
Rosenmiiller's cavity, 42 
Round ligament, 58, 151 
Rugae, palatine, 24 



Sacrococcygeus anterior muscle, 159 

posterior muscle, 159 
Sagittal fissures of liver, 58 
Salivar>' glands, 37 
Salpingopalatine fold, 41 
Salpingopharyngeal fold, 42 
Salpingopharyngeus muscle, 44 
Santorini's cartilages, 92, 93 

duct, 63 
Scapular line, 103 
Scrotum, 127, 138 

blood-supply of, 139 

musculature of, 139 

septum of, 139 

skin of, 139 



Semilunar folds of large intestine, 52 

valves, 174 
Seminal vesicles, 133, 134 
blood -supply of, 135 
nerve-supply of, 135 
Septula of testis, 129 
Septum, atrial, 171, 177 
mediastinal, 109 
bulb of penis, 141 
of glans penis, 141 
of nose, cartilaginous, 86 

sphenoidal process of, 87 
membranous, 86, 87 
mobile, 86, 87 
of penis, 140 
of scrotum, 139 

transverse, of perineum, 160, 162 
ventricular, 171 
Serous cavities, 19 
false, 19 

relations of viscera to, 20 
true, 19 
coat of peritoneal viscera, 73 
membranes, 19 
sacs, 19 
Sesamoid nasal cartilages, 87 
Sexual organs, 116, 125. See also 

Genitalia. 
Sheath, ureteral, 120 

vascular, 166 
Sigmoid colon, 54 

relations of peritoneum to, 77 
mesocolon, 77 
Sinuses, coronary, of heart, valve of, 

177 
costomediastinal, 113 

of dura mater, 166 

of epididymis, 129, 131 

of Morgagni, 56 

of nasal cavity, accessory, 89 

of Valsalva, 174 

of venae cava, 171, 176, 177 

paranasal, 89 

phrenicocostal, 113 

pleural, 113 

rectal, 56 

renal, 118 

tonsillar, 25 

transverse, of pericardium, 181 

venous, 166, 177 

Small intestine, 47 

circular folds of, 48 

coats of, 48 

development^ of, 56 

lymphatic nodules of, 49 

mesentery of, 76 

mucous membrane of, 48 

nerve-supply of, 56 

wall of, 48 
Soft palate, 24 

blood -supply of, 40 

muscles of, 25 

nerve-supply of, 40 
Solitary lymphatic nodules of small 

intestine, 40 
Spermatic cord, 128, 133 
Sphenoethmoidal recess, 88 
Sphenoidal process of nasal septum, 87 



Sphenosalpingo-staphylinus muscle, 39 
Sphincter ani extemus, 56, 159 
intemus, 56 
tertius, 56 
papillse, 118 
pylori muscle, 47 
urethral membranaceae, 136, 137, 

159 
vaginae, 161 

vesicae muscle, 123 
Spigelian lobes of liver, 59 
Spiral valve, 61 
Splanchnology, 17 

general, 17 

special, 21 
Spleen, 65 

accessory, 66 

blood-supply of, 66 

development of, 66 

hilus of, 65 

nerve-supply of, 66 

relations of, 66 

surfaces of, 65 

tissue of, 65 

tunica albuginea of, 65 
Splenic artery, 66 

flexures of colon, 53 

impression of kidney, 117 

recess, 82 

trabeculae, 65 

vein, 66 
Spongy portion of male urethra, 135 
Stenson's duct, 89 
Sternal line, 103 

Sternocostal surface of heart, 170, 171 
Stemopericardiac ligaments, 181 
Stomach, 45 

blood-supply of, 47 

body of, 45 

circular layer of, 47 

covering of, 46 

development, 57 

fundus of, 45 
relations of, 46 

greater curvature of, 45 

lesser curvature of, 45 

lymphatics of, 47 

musculature of, 47 

nerve-supply of, 47 

pyloric portion of, 45 

relations of, 46 

size of, 46 
Styloglossus muscle, 37 
Stylopharyngeus muscle, 43 
Subclavian sulcus, loi 
Subungual caruncle, 36 

ducts, 39 

fold, 36 

gland, 39 

blood-supply of, 41 
lymphatics of, 41 
nerve-supply of, 41 

mucous membrane, 36 
Submaxillary duct, 39 

gland, 39 

blood-supply of, 41 
lymphatics of, 41 
nerve-supply of, 41 



Sulcus, anterior longitudinal, of heart, 

170, 171 
coronary, of heart, 170 
interventricular, iSo 
naaalis posterior, 88 
of bulb of penis, 141 
of colliculus. lateral, 117 
posterior longitudinal, of heart, 17a, 

171 
relrogkndularis, 141 

terminal, 34, 171, 176 

urethml, of penis. 140 
Superfidai lymphatic glands, ig 

perineal Fascia, 161 
Superior dental arch, ij 

duclulus abermns, 131 

eilremily of testis, 129 

Usda of pelvic diaphragtn, iCa 

ileooecal recess, 85 

ligament of epididymis, 131 

portion of duodenum, 4g 
recess of bur^a omenlalis, 85 
thyreoid notch, 91 

tubercle, qi 
Suprurenal glands, 114 

accessory, 124 

apex of, 114 

blood-supply of, US 

cortex ot, 124 

derelapment, 135 

hilusof, 124 

medulla of, 134 

neriie-supply of, 125 

surfaces of, 124 
Supra tonsillar fossa, 11; 
Supravaginal portion of uterus, I4g 
Supraventricular crest, 178 
Supravesical fossa, 81 
SuspeDSorius duodeni muscle, 50 
Suspensory ligament of clitoris, 154 

of liver, 59. 73 



of c 



'43 



of penis, ^ 
Sweetbread, 107 

Synchondrosis, arycorniculatc, 94 
Systemic circulation, 167 



Tail of epididymis, 
of pancreas, 62 

Teeth, 27 
articulation of, 31 
blood-supply of, 41 

deciduous. 31 
cavities of, 1 - 
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{ Teeth, deciduous, 31 

I eruption of, 33 

I dentine of. 17 

, development, 33 

enamel of, 27 

cruptiotv of, 33 

incisor, 28. ig 

deciduous, 31 
milk, 31 
molar, 28. 30 
to; or, ji 
deaduouSi 32 
roots of lower, 31 
neck of, 37 
nerve-supply of, 40 

permanent, 31 

eruption of, 32 
premolar, 28, 2g 
pulp-cavilv of, 27 

'«■ * ■" 

wisdom, 3t 

Tendinous arch of levator ani, 156 

of pelvic fascia, l6j 
Tensor vcli palatini muscle, 26 
Terminal arteries, 165 



sulcu 



176 



,t of, 27 



uilicatio 



Testes, ijfi, 128, 131 
blood-supply of, 133 
descent of, 127, 128 
lymphatics of. 133 
mediastinum of, 121) 
nerve-supply of, 133 
septula of, lit) 
Thebesian foramina, 177 

TaiYC, 177 

Thymus, 18 

gland, 107 

blood-supply of, 109 
development, 109 
lymphatics of, 109 
nerve-supply of, 109 
relations of, 107 
Thyreoarytirnoideus 

cle. 96 

Thvreoepigloltic ligament, 94 
Thyreoepiglotlicus. 96 
Thyreoid, articular surface of crictud 
canilage, qi 
cartilage, 90, gi, 93 
comua, 91 

gland, 105 

accessory, 106 

blood-supply of, 106 

development, 106 

islhmus of, in6 

lobes of, 106 

lymphatics of, 106 

relations of, 105 
MKh™, 9, 
tubercles, 91 
Thyreophuryngcus muscle, 43 
T<3ngue, 34' 

anterior surface of, 35 
blood -supply of, 40 
developmeni, 3^ 



Tongue, lymphatics of, 41 

poslcrior stjrface of, 35 
Tonsillar ^nus, 15 
Tonsfls, 31 

lingual, 35 

palatine, 25 

pharyngeal, 42 
Tooth cavity, 37 
Tori genitales, 127 
Torus tubarius, 41 
Trabecular camex, 17J 
Trachea, 99 

blood-supply of, 100 

cartilages of, 99 

ligaments of. annular, 99 

lymphatics of, 100 

mucous membrane of, gg 

nerve -supply of, 100 

ramifications of, 99 

relations of. 99 

skeleton of, 99 

walls of, 09 
Tracheal bifurcation, 99 
Transverse colon, 54 

ducts of cpoophoron, 14S 

folds of rectum, 56 

ligament of pelvis, 163 

mesocolon, 75 

septum of perioeuifi, 160, i6» 

sinus uf pericardium, iSi 

vesical fold, Sj m 

Tmnsversua lingua; muscle, 37 I 

perinei profundus musclr, 159 I 
supeiiiciaUs muscle, 160 H 

Trdtx'a muide, 50 
Triangle of Lieutaud, 112 
Triangularfovca of arytenoid cartilage, 

ligament left, 74 
right, 74, 76 
Tricuspid valve, 178 
Trigones, fibrous, of heart, 174 

urogenital. 159, 161 
Trigoni urogcnitalis muscle, iSQ 
True vocal cord, 97 
Truncus arteriosus, iSo 
Tuba auditiva, orifice of, 41 

uterina, 116, 147. See also FaUO' 
pian lube. 
Tubal exltrmity of ovary, 143 
Tuber omentale of liver, 59 

of pancrt'as, 63 
Tubercles, corniculaie. 93. 97 
cuneiform, 97 
epiglottic, 91, 93 
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Tulp's valve. Ji 
Tunica ndventitia of vessels, 164 
aibugtnca of penis, 140 
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Tunica albuginea of spleen, 65 

of testis, 129 
intima of vessels, 164 
media of vessels, 164 
muscularis, 18 

mucosx, 18 

of vessels, 164 
serosa, 19, 20 
submucosa, 18, 20 
vaginalis communis, 133, 139 

propria, 19, 128, 131, 139 

testis, 19 
Turbinated bodies of nose, 88 



Umbilical arteries, 169 
fissure of liver, 58 
folds, 81 
lateral, 81 
median, 81 
intestinal loop, 57 
ligaments, 121, 126 
notch, 58 
vein, 169 
Uncinate process, 62 
Upper lobe of lung, 102 

portion of mediastinum, no 
Urachus, 121, 126 
Ureter, 116, 120 

blood-supply of, 120 
in female, 120 
in male, 120 
lymphatics of, 121 
musculature of, 123 
nerve-supply of, 121 
orifices of, 122 
Ureteral sheath, 120 
Ureteric fold, 122 
Urethra, 116 

blood-supply of, 138 
corpus cavernosum of, 140 
lymphatics of, 138 
male, 135 

orifice of, external, 155 
internal, 122 
Urethral annulus, 123 
carina, 152 
crest, 137 
lacuna?, 138 
papilla, 155 
sulcus of penis, 140 
surface of penis, 140 
Urinar\' apparatus, development, 125 
bladder, 116, 121 
blood-supply of, 124 
covering of, 123 
development, 124 
female, 1 2 1 

relations of, 121 
lymphatics of, 124 
male, 121 

relations of, 121, 122 
mucous membrane of, 123 
neck of, 122 
nerve-supply of 124 
orifices of, 122 
jK)nions of, 121 
relations of, 121 
II-13 



Urinary bladder, relations of, to peri- 
toneum, 80 
uvula of, 122 

organs, 116 
Urogenital apparatus, 17, 116 

diaphragm, 159, 162 

system, 125 

tract, 18 

trigone, 159, 162 
Uropoietic organs, 17, 116 
Uterine adnexa, 151 

cavity, 149 

extremity of ovary, 143 

orifice of Fallopian tube, 147 

portion of Fallopian tube, 147 
Uterosacral ligaments, 151 
Uterus, 126, 148 ' 

blood-supply of, 151 

]x)dy of, 148 

broad ligament of, 77 

coats of, 150 

coverings of, 149 

fundus, 148 

ligaments of, 77, 151 

lymphatics of, 151 

margins of, 148 

neck of, 148 

nerve-supply of, 151 

peritoneal covering of, 149 

relations of, 149 

shape of, 150 

size of, 150 

surfaces of, 148 

walls of, 1 50 
Utriculus, prostatic, 126, 137 
Uvula, 24 

of bladder, 122 



Vagina, 126. 151 

V)l()o<l-supply of, 153 

enlraiue of, 152, 153 

fornix of. 152 

iiUroilus of. 152, 153 

lyniphalits of, 153 

ncrve-suj)]ily of, 153 

relations of. 152 

vestihulc of, 154 
glands of. 155 
lining of, 155 

walls of. 152 
\'agin;e vasorum, 166 
\'aginal portion of uterus, 149 

process, 1 28 

nig.T. 152 
X'alicrula, epiglottic, (j; 



\'als;ilva's sinus, 174 
\'alves, alriovcntriLular, 174 

bicuspid. 1 7() 

(uspid, 174 

Fustai hian, \tx), 177 

lunule of, 174 

mitral, 170 

nodules of. 174 

of coronary sinus, 177 

of foramen ovale, i6<), 179 

of fossa na\ncularis, 138 

of heart, 167, 174 



Valves of inferior vena cava, 177 
of vena cava, 169, 177 
pyloric, 45, 47 
semilunar, 174 
Thebesian, 177 
tricuspid, 178 
Valvula coli, 52 

Valvule conniventes Kerckring^, 148 
Vas deferens, 126, 133 
ampulla of, 134 
blood-supply of, 135 
lymphatics of, 135 
nerve-supply of, 135 
Vasa al>crrantia of liver, 6i 

vasorum, 166 
Vater's diverticulum, 50 

papilla, 50 
Veins, 164 

anastomoses of, 165 
cutaneous, 165 
deep, 165 
gastric, 47 
portal, 62 
sheaths of, 166 
situation of, 165 
splenic, 66 
umbilical, i6q 
walls of, 164 
Velum palatinum, 24 
Vena cava, fissure for, 58 
inferior, valve of, 177 
left, fold of, 182 
ligament of, 58 
sinus of, 171 

of right atrium, 176, 177 
valve of, 169 
Vena! comitantcs, 165 
Venous blood, 167 
plexus of conchse, 89 

phar>'ngcal, 47 
sinus, 166, 171 

of right atrium, 176, 177 
\'entricles of heart, 167, 171 
left, 1 70 

shape of, 179 
musculature of, 173 
right, 178 

shape of, 178 
surfai es of, 1 75 
walls of, I 72 
of larynx, ()S 
of Morgagni, q8 
Ventricular folds, 98 
ligaments, 95 
septum, 171 
\'entricularis muscle, 96 
\eniriculus. 45. See also Stomach. 
Wrmiform appendix, 51 
mesenteriolum of, 83 
valve of, 53 
Vertex of urinary bladder, 121 
Verticalis lingua* muscle, 37 
Vesica fellea, 61 

urinaria, 121. See also Urinary 
bladdrr. 
Vesical fold, transverse, 85 
surface of uterus, 14S 
trigone, 122 
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^^M Vesicouterine pouch, 80, 


149 


Viscera, classification, 17 




^H Vessels, 164 






organ, S9 ■ 


^^M branching of, 165 
^M otibcr 0?. 164 




relations of serous cavities lo, 10 


Vortei of heart, 173 ■ 




to peritoneum, 18 


Vulva. 153 1 


^V coals of, 164 








^H corpora cavernosa of. 
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^H sheaths of, 166 
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^^H Vestibule of vagina, 154 




Vocal appanilua, 97 


White line of levaLor ani, tjS 


^^L glands of, J55 




cord, false, g8 


WinsloVs foramen, 81 


^H lining of. 155 




muscle oi, gO 


Wirsung's duel, 63 1 






true, 97 


Wisdom teeth, ;i 1 


^H Vibrissa of nose. 8S 




fold, 97 


Wolffian bodies; 1.6, lis 1 
inguinal ligament of, 137 I 


^^1 Vieussens' limbus. 177 




ligaments, 95 






process, 91 


duct, 115 ■ 


^M pleural. 113 




Vocalis muscle, 96 


Wriabetg's cariiiagea, 93 1 
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SAUNDERS* REMARKABLE SUCCESS 

WE are often asked to account for our cxtraordinan* success. 
We can but point to modem business methods, carefully per- 
fected business machinen*, and unriva'/.od laciMtics for distribution of 
books. Every department is so organized that the greatest jxvfisiblc 
amount of work is produced with the least waste of eneri^n^-. The 
representatives of the firm aic men with life-loni; exjx^rience in the 
sale of medical books. Then, to-.\ we :y.;:>t not overKx^k that nuior 

m 

force in the modern busir.c<s wor'^d — Advertising. We have a s^x'cial 
department devoted entirely to the piannirii;. \\ ntint:;, and placinj; o\ 
advertising' matter; and we r^.n^ht mcr.ti.^n that the monev annuallv 
spent in advertising; now t.ir e\».cVvi> the entire annual receipts of the 
House durin^^ its earlier \ears. Tlu>o extraoi dinar)' facilities for dis- 
posing of large editions enable ;:> tv^ .iexote a large amount of money 
to the perfecting of every det.;il in the manufacture of books. 

A CoapUrte CUalo^ue of our IhiblicAtioM wttl be Scat tipo« R iq ai H 




AN UNABRIDGED TREATISE FOR THE SURGEON AND 
THE GENERAL PRACTITIONER 



Surgery: Its Principles and Practice. Written by 66 eminent 
specialists. Edited by W. W. Keen, M.D.. LL.D., Hon. F,R.C.S., Eno. 
AND Edin., Emeritus Professor of the Principles of Surgery and of 
Clinical Surgery at the Jefferson Medical College. Five octavos of lOOO 
pages each, containing 2588 original illustrations. 136 in colors. Per 
volume; Cloth, S7 .00 net: M^lf Morocco. S8.00 net ^m 
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Crandon's 
Surgical After-treatment 

Surgical After-treatment. A Manual of the Conduct of Surgical 

Convalescence, hy L. R. G. Ckandon. M. D., Assistant in Surgery 

at Harvard Medical School; Assistant Visiting Surgeon to the Boston 

City Hospital. Octavo of 803 pages, with 265 original illustrations. 
Cloth, $6.00 net; Half Morocco, $7.50 not. 

RECENTLY ISSUED 

This work tells how best to manage all problems and emergencies of surgical 
convalescence from recovery- room to discharge. It gives a// the tietails com- 
pletely, definitely, yet concisely, and does not refer the reader to some other 
work perhaps not then availal)le. The i)ost-operative conduct of all operations 
is given, arranged alphabetically by regions. A special feature is the elaborate 
chapter on Wiccinc Thrriipw Immtttuzaiion by Inocuhition and Specific Sera, 
written by Dr. (icorge P. S.mborn, a leading discii)le of Sir Almroth E. Wright. 
This is undoubtedly the best and most com])lete exposition of these subjects 
yet published. The text is illustrated, fixing by the aid of the eye those points 
in technic less easily grasped by descri])tion alone. 



Moynihan's Duodenal Ulcer 

Duodenal Ulcer. By B. G. A. ■Movniiian. M. S. (London). 
F. R. C. S., Ilnnorarv SurLTo^ii to Ltcds (icnrral Infirmar\'; Trofc'^sor 
of Clinical Surfer)*, University (^f Loi'ds, ICn^land. ()cta\() of 279 
p.agcs, illiKstratcd. C']<»tli, :>J[a\) nrl; I lalf Morocco. 85.50 net. 

RECENTLY ISSUED 

Kvery surgeon and ever}' ]ira( titioner meets with rases (»f diMxlcnal ulcer, so 
that each must ha\e a ;_,'r^(.<l wnrk on tlie siil^ict t l\v smne rcMi^ni/.LHl aulhc^rily. 
It must not only give the oti'di'i^y, paibnli)-y, and syinptnms, but — nioi^t im])(»rtant 
f)f all — the diagnosis, <litUMvntial ilia^no'^i'^, :ind irrainuMit. Mr. Moynihan > ex- 
tensive experience in tliis field ;ji\c^ hi> b^cik tlie ^lani]) of authority. And he 
has presented his sulije< t in a stylr at once fnn eful. detiniie. yet contise. For 
the practitioner he fixes the dia;^ni»>is with prci i^ion, so that ihe ( a'*e, if desired, 
may be referred to the surge«>n. lor the surgeon, he dex rilics ihe best ie« hnic 
in a way that admits of no hesitation, 'i he illustrations are a fe.iturc worthy of 
the text. 




Cotton's 

Dislocations and Joint Fractures; 

Dislocations and Joint Fractures. By Frederic Jav Cotton, M. D,' 
First Assistant Surgeon to the Boston City Hospital. Octavo voliim?' 
of 650 pages, with 1200 original illustrations, 

JUST READY WITH 1300 ORIGINAU ILLUSTRATIONS 

Dr. Cotton's clinical and teaching eKpericncc in ihis field has especially fitted 
him to wrilo a practical work on this subject. He has written a book clear and- 
definite in style, systematic in presentation, and accurate in siaiemenl. The' 
iilustntions pcisscEs the feature of showing just those points the author wishes l» 
emphasirc. This is mjulc possible because the author is himself the artist, by 
far the urcalcr majority of the illustrations being the work of his own hand. 
They arc ittrikinnly artistic as well as iiniisLi.illy practical. 

P Kemp on 

Stomach and Intestines 

Diseases of the Stomach and Intestines. By Robert Coleman 

Kbup, M. D., Professor of Gastro-intestinal Diseases at the New 

York School of Clinical Medicine. Octavo of 766 pages, with 279 

illustrations. Cloth, ^6.00 net; Half Morocco, I7.50 net 

MEDICAL AND SURGICAL 

Of die muiy works on gastro-intestinal diseases, this is perhaps the only one 
in which the needs of the general practitioner are given pre-eminent emphasis. 
It is the practido&er who first meets with these cases, and it is he upon whom the 
burden cj diagnosis rests. After the diaj^nosis is established, the practitioner, if 
propeHy equipped, could freijuently treat the case himself instead of transferring 
it to n specialist. This work is intended to equip the practitioner with this end in 
view. Ai visceral displacements hate assumed such an important position, their 
symptoms, diagnous, and treatn^ent, notably by mechanical methods, are specially 
described. Anliy^Hloxkation has been given unusual attention. Typhoid fever 
b also included because of its local manifestations. 



SURGER Y AND ANA TOMY 



Kelly and Noble's 
Gynecolo^ 
and Abdominal Surgery 



Gynecology and Abdominal Surgery. Edited by Howard A. 
Kelly, M. D., Professor of Gynecology in Johns Hopkins University ; 
and Charles P. Noble, M. D., Clinical Professor of Gynecology in the 
Woman's Medical College, Philadelphia, Two imperial octavo volumes 
of 950 pages each, containing 880 original illustrations, some in colors. 
Per volume : Cloth, ^8.0G net ; Half Morocco, S9.50 net. 

BOTH VOLUMES NOW READY 
WITH 880 ILLUSTRATIONS BY HERMANN BECKER AND MAX BrSdEL 

In view of the intimate association of gynecology with abdominal surgery the 
editors have combined these two important subjects in one work. For this reason 
the work will be doubly valuable, for not only the gynecoloj;ist and general prac- 
titioner will find it an exhaustive treatise, but the surgeon also will find here the 
latest technic of the various a])dominal operations. It possesses a number of 
valuable features not to be found in any other jniblication covering the same fields. 
It contains a chapter upon the bacteriology and one upon the pathology of gyne- 
cology, dealing fully with the scientific basis of gynecology. In no other work 
can this information, prepared by specialists, be found as separate chapters. 
There is a large chapter devoted entirely to medical jiynt'coloi^y, written especially 
for the physician engaged in general j)nirticc. Heretofore the general practi- 
tioner was compelled to search throu>;h an entire work in order to obtain the in- 
formation desired. Ahtfomitial suri^cry j^ropcr, as distinct from gynecology, is 
fully treated, embracing operati(»ns ui>nn the ^ln^la(•h, upt)n the intestines, upon 
the liver and bile-ducts, upon llie pancreas and s])lccn, upon the kidneys, ureter, 
bladder, and the iieritoncum. The illustrations are truly magnificent, being the 
work of il//'. HiPPfiann lh\kir and Mr. Max llrodtl, 

American Journal of the Medical Sciences 

" It is needless to say that the wurk h.is Ix-en thoroughly done; the n:im('S of the .niithon 
and editors would gunrantce this, but much may l>o said in pr.iisc of tin* inrtht.ul of presentation, 
and attention may be called to the inclusion of matter not to b<: found elsewherv." 
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Mumford's 
Practice of Surgery 

The Practice of Surgery. By James G. Mumford, M. D., In- 
structor in Surgery, Harvard Medical School. Octavo, of 900 pages, 
with 500 original illustrations. 

JUST READY 

DIFFERENT FROM OTHER SURGERIES 

This, as its title implies, is a work on the clinical side of surgery — ^surgery as 
it is seen at the bedside, in the accident ward, and in the operating room. It ex- 
presses the matured outgrowth of twenty years of acdve hospital and private 
surgical pracrice, together with the experience gained from clinical teaching, class- 
room discussions, and lectures. The plan of the work is somewhat off the con- 
ventional lines, the diseases being taken up in their order of interest, importance, 
and frequency. The illustrations are in entire keeping with the excellence of the 
text. 



DaCosta's Modern Sur^fery 



Modern Surgery — General and Operative. By John Chalmers 
DaCosta, M. D., Professor of Surgery and of Clinical Surgery in the 
Jefferson Medical College, Philadelphia. Octavo of 1 502 pages, with 
966 illustrations. Cloth, ^15.50 net; Half Morocco, jl/.OO net. 

RECENTLY ISSUED— NEW (6th) EDITION—INCREASED TO 1500 PAGES 

A surgery, to be of the maximum value, must be up to date, must be com- 
plete, must have behind its statements the sure authority of experience, must be so 
arranged that it can be consulted quickly ; in a word, it must be practical and 
dependable. Such a surgery is DaCosta's. Always an excellent work, for this 
edition it has been very materially improved by the addition of new matter to the 
extent of over 200 pages and by a most thorough revision of the old matter. 
Many old cuts have been replaced by new ones, and nearly 100 additional illus- 
trations have been added. Notwithstanding this large addition of matter, the 
price has not been increased. 

Rudolph Matas, M. D., Professor of Surj^ery, Tulane University of Louisiana, 

*' This edition is dt-stined to rank as high as its predecessors, which have placed the learned 
author in the fore of text-book writers. The more I scrutinize its pages the more I admire the 
marvelous capacity of the author to compress so much knowledge in so small a space." 
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Sisson's 
Veterinary Anatomy 



Text-Book ol Veterinary Anatomy. By Septimus Sisson, S, B,, 

V. S., Professor of Comparative Anatomy in Ohio State University, 
Octavo volume of 900 pages, with over 600 illustrations, mostly original 
and many in colors. 



JUST READY—WITH SUPERB RXUSTRATIONS 

This is the first original systematic work on this subject in English within 
last quarter of a century, and represents the accumulated practical results of iwi 
years' actual experience. It is a clear and concise statement of the essential facta ] 
regarding the structure of the principal domesticated animals, containing many 
hitherto unpublished data resulting from the detailed study of fontialiii- hardened 
subjects and (roien sections. The author has devoted much time a 
the illustrations in order to have each one represent just that particular feature 
which he desired to illustrate, Nearly all of thecn are original, the majority being 
reproduced from photographs, and colors are used wherever desirable to render 
the pictures more readily understood. The terminology used has been carefully 
revised with reference (o the B. N. A. and the nomenclaiure adopted by European | 
comparative anatomists. The work supplies a long-felt need. | 



Gant on Constipation and 
Intestinal Obstruction 

Constipation and Intestinal Obstruction. By Samuel G. Gant, 
M. D., Professor of Diseases of the Rectum and Anus, New York 
Post-Graduate Medical School and Hospital. Octavo of 559 page^ 
with250original illustrations. Cloth, $6.00 net ; HalfMorocco,$7.5onrt. 
INCLUDING RECTUM AND ANUS 
In this woiic the consideration given to the medical treatment of constipation 
is unuiually extennve. The practitioner will find of great assistance the chapter 
devoted to formulas. The descriptions of the operative procedures are concise, 
yet fiilly explicit. 

n«Practola^ 

'■ Were the profi»sion better posted on the contents of this book there would 
be less suffering from the ill effects of constipation. We congratulate the author 
OD this most complete book." 
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Moynihan's 
Abdominal Operations 



Abdominal Operations. By B. G. A. Moynihan, M.S. (Lond.). 
F. R. C. S., Leeds, luigland. Octavo, beautifully illustrated. Cloth, 
I7.00 net ; Half Morocco, $8.50 net. 

THE NEW (2d) EDITION 

It has been said of Mr. Moynihan that in describing details of operations he 
is at his best. The appearance of this, his latest work, therefore, will be widely 
welcomed by the medical profession, giving, as it does, in most clear and exact 
language, not only the actual modus operandi of the various abdominal operations, 
but also the preliminary technic of preparation and sterilization. 

Edward Martin, M. D. 

Professor of Clinical Sitr^^ery, l-'nirrrufy tf Pennsylvania 

" It is a wonderfully good l)ook. He has acliieved complete success in illustrating, both 
by words and pictures, tiic btst technic of the abdominal t)piTations nnw commonly performed." 



Moynihan on Gall-stones 

Qall-Stones and Their Surgical Treatment. — By H. G. A. Moyni- 
han, M. S. (L()NJ)<)N', 1\ R. (.'. S.. Leeds, Mn<;land. Octavo of 458 pages, 
illustrated. Cloth, ,^^5.00 net; Half Morocco, S6.50 net. 

THE NEW (2d I EDITION 

Mr. Moynilian, in rcvi>in;^his Ixick, has made many additions to the text, so 
as to include ihc mosi recent advances. I.spcrial attention has been ^dven to a 
detailed descripti(»n of the early sym])toms in cholelithiasis, enahlinj^ a diaj^^nosis 
to be made in the sta;.',e in \n ITuh surgical treatment (an be most safely ailopted. 

British Medic&l Joum&l 

"ilc t'\pi'."--f li - v \\ • \\ .1'' ;nlii:. .r .<■■'.! ..'III"-''. .iM'l lir siipp-'rK tljrni l>> :t l;ii.i;»- num- 
ber of clinic. il ('x.iiiipl*'-, wli'.'.li w '■ I'l- it:<.;. p;i/.«(l l.y tlio^r win) UiU)\\ tl.c ditli« nit |)i«'!iU'ms 
and tasks wliich j^nll-'^tdm^ surgery not inln <|n« ntly pn-.^ents." 



Moynihan's Pathology of the Living 

RECENTLY ISSUED 

The Pathology of the IJvinff and Other Essays. lU- R G. A. 

Moynihan, M..S.(L()Ni>(»N). V. K. C S. i .?m.. of 26oim<,h's. ,sj.c>o net. 

These addresses and pa])ers deal with those Mir^i« al Mi1»;e« ts ii]Kin which Mr. 
Movnihan is an authority. I ho iinderUinj^ theme iif all otihem is the \astlv ^Tcatcr 
value of operatinjj-rooni findings as mmpaied uiih tlm^c 'tthe |)osiin«iitem I(m»iii. 



»o SArjVUSRS- BOOKS ON 

Cisendrath's 
Surg'ical Diagnosis 

A r«xt-Book of Suricical Diagnosis. By Daniel N. Eisendrath, 
M.D., Professor of Surgery in the College of Pliysicians and Surgeons, 
Chicago. Octavo of 885 pages, with 574 entirely new and original 
text-illustrations and some colored plates. Cloth, $6.50 net; Half 
Morocco, S8.00 net. 

THE NEW (M) EDITION 

Of first importance in every surgical condition is a correct diagnosis, for upon 

this depends ihc treatment to be pursued : and the iwo — diagnosis and treatment 

constitute the most practical part of practical surgery. Dr. Eisendralh lakes up 
each disease and injury amenable to surgical treatment, and sets forth the means 
of correct diagnosis in a syslcmalic and comprehensive way. IJefinile directions 
as lo methods of examination are presented clearly and concisely, providing for 
all contingencies that might arise in any given case. Each illustration indi- 
cates precisely how In diagnose the condition considered. 
Surfery, GfynccoloAr, and Obitatrla 

■The book u on« whith u well .idii|HPd lo 
informalion conciicly anil fltcuratcly given. . . . 
yet the aulhor dars not run tnio endleM dMall." 



£isendrath's Clinical Anatomy 

A Text-Book of Clinical Anatomy. By Daniel N. EisENDiuTiif 
A.B., M.D,, Professor of Surgery in the College of Physicians and 
Surgeons, Chicago. Octavo of 535 pages, illustrated. Cloth, fjAO 
net; Half Morocco, £6.50 net 

THE NEW (2d) EDITION 

This new anatomy discusses the subject from the clinical standpoint. A por- 
tioit of each chapter is devoted to the examination of the living through palpation 
and marking of surface outlines of landmarks, vessels, nerves, thoracic and 
abdominal viscera. The illustrations are from new and original drawings and 
photographs. This edition has been carefully revised. 

MaAckl RKOfd, N«w Yocfc 

" A special recommendation for Ihe figures is thai Ihey are mostly original and wer» 
made for the purpose in view. The sections of joints and trunks are those of formallaiied 
OMd«*er*«nd are unlropcachable in accuracy." 
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W^^^»^— - ■ — ^^^-^n— ■— — w^— — 

Schultze and Stewart's 
Topographic Anatomy 

Atlas and Text-Book of Topographic and Applied Anatomy. By 

PhOF. Dr. O. Schultze. of Wiirzburg. Edited, with additions, by 
George D. Stewart, M.D., Professor of Anatomy and Clinical Sur- 
gery, University and BcUevue Hospital Medical College, N. Y. Large 
quarto of 189 pages, with 25 colored figures on 22 colored lithographic 
plates, and 89 text-cuts, 60 in colors. Cloth, $$-5^ ^^^ 

Arthur Dean Bevan. M. D., Professor of Surgery in Rush Medical College ^ Chicago. 

" I rej^ard Schultze iind Stewart's Topoj^japhic and Applied Anatomy as a very admirable 
work, for students especially, and I find the plates and the text excellent." 

Sobotta and McMurrich's 
Human Anatomy 

Atlas and Text-Book of Human Anatomy. In Three Volumes. By 
J. Sobotta, M.D., of Wurzburg. Edited, with additions, by J. Playfair 
McMuRRiCH, A. M., Ph. D., Professor of Anatomy, University of 
Toronto, Canada. Three lari^c quartos, each containing about 250 
pages of text and over 300 illustr.itions, mostly in colors. Per volume: 
Cloth, $6.00 net ; Half Morocco, Jt/oO net. 

VOLUME III NOW READY -COMPLETING THE WORK 

The ;;reat a(lv;intaf;e of this over other .^iimlKir works lies in the laij;e number 
of maj^nifuent litho^^raphic j)lates which it contains. with«>iit (iiieNtii>n the hcst that 
have ever been prodiu ed in this liekl. They are a«<urate and beautiful reproduc- 
tions of the various anatomic pari-, represented. 

Edward Martin, M.D., /'/-./:'..'/•,/" Cl:niia! Suf : f\\ L'ni\crsity of J^cnn y!: tinid. 

•'Thii i-> a piccr of bookiii-iuin.; wliu ii i- truly .iilm,-.\!>lf wiih j.i it' ^ .iini t* .\t .^u well 
chosen and so cI'mf rli.it the w-jik is m '-t ii^.-fi;! tw il..- j.-r.u ti--iiiij s^lr;;^^■'Il." 

Morris' Dawn of the Fourth Era in Surgery J"»* ^^^y 

Dawn ok hik I'nrRrii I'^ka in Sm^«.ikv and Oihkk Akiiu.is. lly 
RoiJKur '1. MnkKis, M. 0., Pn)ri'Ssoi of Snrj^^ery. New \ oik I'o-i- 
Clradualc Medical St hool and Muspilal. < )( ia\oof j:... |)aL;es. illiislratt-d. 
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Bier's 
Hyperemic Treatment 

Bj WILLY MEYER, M. D.. and Pkof. V. SCHMIEDEN 



Bier's Hyperemic Treatment in Surgery, Medicine, and the Special- 
ties : A Manual of its Practical Application. By Willy Meyer, M. D., 
Professor of Surgery at the New York Post-Graduate Medical School 
and Hospital ; and Prof. Dr. Victor Schmieden, Assistant to Prof 
Bier, University of Berlin, Germany. Octavo of 280 pages, with 
original illustrations. Cloth, $i,QO net 

NEW (ad) EDITION— rOR THE PRACTITIONER 

For the practUiotter this work has a particular value, because it gives special 
attention to the hyperemic treatment of those conditions with which he comes in 
daily contact. Yet the needs of the surgeon and the specialist have not, by any 
means, been neglected. The work is not a translation, but an entirely original 
book, by Dr. Willy Meyer, who has practised the treatment for the past fifteen 
years, and Prof. Schmieden, Professor Bier's assistant at Berlin University. In 
the first part the three methods of inducing hyperemia are described; in the second, 
are taken up the details of appUcation. 

New York State Journal of Medictiie 

" We commend this work to all those who are interested in the treatment of infections, 
either acute or chronic, for it is the only authoritative treatise we have in the Kngli:>h language." 



Campbell's Surgical Anatomy 

A Text- Book of Surgical Anatomy. B\' \\ illiam Francis Camp- 
bell, M.I)., Professor of Anat-'Hiv. Loni; Island Collci^c Hospital. 
Octavo of 675 pai^es, witii 319 «.rii;iiuil i!lu>trati. 'iis. Cloth, S5.00 net; 
Half Morocco. 56.50 net. 

WITH 319 PRACTICAL ILLUSTRATIONS 

The first aim in the preiarati- 'ii ^A this onjinal \vi,rk. \\as tn e:r:;'iia>;/e the 
practical. It is in the f::llc>t M^n-*.' ar. .1. ■ !.'.■"; .u.it-ir.N — ..r. .i::at' :i.\ t";^. t v W ■ e 
of inestimable \aliie l-. the -•■:jc n ' t ■ a>e r'v t",-.. -^ ta i- a-e ti>- ::----: ar.a 
only those structures and re..::'. :.-^ er..;';.a-i c^i t: i: iM\e a i-Ov i.'.iar iiu-jre-^t t- liiin. 
Dr. Campbell has treated h:> ^••" '■ t :: 1 '•• y ^ -v ::. ;t .. way. 1 he nia.^r.n.t'M 
original illustrations uill " e l'< i:r..i e\*.:ei:.v'.> : ••■' t.. a!. 

Boston Medical and Surgical Journal 

"The author ha-^ a-; -.x " r' . • •'!••- :• .•.■• :" ir- • ! .•. • 

the conviction vt tlic c\: •,-. ■ .^ : • .* . •. .[ .- . ::;,;•. .". 
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Preiswerk and Warren's Dentistry 

Atlas and Epitome of Dentistry. By Prof. G. Preiswerk, of Basil. Ed- 
ited, with additions, by George W. Warren, D.D.S., Professor of Operative 
Dentistry, Pennsylvania College of Dental Sui^ery, Philadelphia. With 44 
lithographic plates, 152 text-cuts, and 343 pages of text Cloth, I3.50 net 
In Saunders' Atias Series, 

" Nowhere in dental literature have we ever seen illustrations which can begin to compare 
with the exquisite colored plates produced in this volume." — Denial Revitw. 

Griffith's Hand-Book of Surgery 

A Manual of Surgery. By Frederic R. Griffith, M. D., Surgeon to the 
Bellevue Dispensary, New York City. i2mo of 579 pages, with 417 illus- 
trations. Flexible leather, $2.00 net 

" Well adapted to the needs xA the student and to the busy practitioner for a hasty review of important 
points in surgery."— w4iwrrir«M Medicuu, 

Keen's Addresses and Other Papers 

Addresses and Other Papers. Delivered by William W. Keen, M. b. , 
LL.D., F. R. C. S. (Hon.). Professor of the Principles of Surgery and of Clin- 
ical Sui^ery, Jefferson Medical College, Philadelphia. Octavo volume of 
441 pages, illustrated. Qoth. I3.75 net 

Keen on the Surgery of Typhoid 

The Sursical Complications and Sequels of Typhoid Fever. By Wm. W. 

Keen, M.D., LL.D., F.R.C.S. (Hon.), Professor of the Principles of Suigery 
and of Clinical Surgery, Jefferson Medical College, Philadelphia, etc« 
Octavo volume of 386 pages, illustrated. Cloth, I3.00 net. 

" Every surgical Incident which can occur during or after typhoid fever b amply diacusMd and fully 
illustrated by cases. . . . The book will be useful both to the surgeon and physician/* — 'Ikt 
Practitioner t London, 

Gotdd's Operations on Intestines and Stomach 

The Technic off Operations Upon the Intestines and Stomach. By Al- 
fred H. Gould, M. D., of Boston. Large octavo, with 190 original illustra- 
tions, some in colors. Cloth, $5.00 net; Half Morocco, $6.50 net. 

" The illustrations are so ^ood that one'scarcely needs the text to elucidate the steps of the operations 
described. The work represents the best surgical kuowled^ and skill/' — New York Stnte Jonrnai of 
Medicine, 

McClellan's Art Anatomy 

Anatomy in Its Relation to Art. By George McClellan, M. D. , Professor 
of Anatomy, Pennsylvania Academy of the Fine Arts. Quarto volume, 9 by 
12^ inches, with 338 original drawings and photographs, and 260 pages of 
text. Dark blue vellum, $10.00 net ; Half Russia, $12.50 net. 
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Moore's Orthopedic Surgery 

A Manual of Orthopedic Surscry. By Jamks T.. Moore, M.D.. P 
ofCliniciil Sui-Kery, Uoivcrtiiy ol'Minne»oUi, College of Medicine and Sureery. 
Octavo of 356 pages. Iwndwmcly illimraied , Cloih, (2.50 net 

•nliupcdlc niu. Should b» ow'ocd l.)-«v*ri'iurK'«B BOdjnacUltoncr."— ^iMOhS^AW^a^ 

Fowler's Operating Room n>w lad) caiioa 

The OpernUng Room and the Palltnt. By Ritsskm, S. Fowleb. M. 1)., 
Snri;etm In llip tieroian ilovpiial, DnioUyn, New York. (Wavo of 284 
panes, ilhwinted. CIoUi, >3.oo neL 



■11 iMuitfully I 



1 ihe operwInK " 



Noncrede's Principles of Surgery Kwm{iiA)zmM 

LeclunM on Uw Principles of Siirivry. B) Chas. B. Nascrede, M.D., 
U- U. . ProfcsKK at Surgery umI of Clintul Surgcfy, Untversky oT MicUgan. 
Ann AHmv. Octavo, 407 pagea, illaMTaied. Cloih. >i. ;o nee 

"W»t«iniw>riy wCi"""""!! tU* bcirt Ui all maOaA* ami UHiHwboBaaM w wmMm 
vl ihc Klt»iUklm>dunn t^im inhkb llw an ol »itcry ■• twin."— {/.«>tji fr JUnWaf Jtam*b< 

Nancrede's E^sentioJsof Anatomy. $•*«■* emm 

E»» — tto h Df AmhMBy. including tbe AnMomy irf the Visccn. ByCaAs. 
B. NANDtKitc. M.D., lYofcMor <A SuTgCTT M"i ^ CMnial SiagCQ". Unlrenity 
nf M>chq;an. Ann Atbor. Crown octavo, 3SS (»c^: iSo cuts. Willi an 
Appendix coivlainin|[iivej£oiUiniTaii(XMofllwo3t«ukigy ofthc body. Based 
••<>irr'l.f4a4Aa>r. Cloth, floonct ImSmnJ^ Qttfttifm CrmtfitrnJi. 

■■ TW i|a«ttlaw Iw* Wm «ImI* ariiMad. a»d the Mmn aramtdr Md coKhdf |h«a.>— 
( Vwrnt* jyMn/ JW Nrw " " - 

M«rtin*s Bsseirttels of Surgery. *"~KU£!*" 

BwMrtWi «t g— lirjr. Coniaininc abo Vcneioal Diseaues, Suigical Laad- 
Maifcik Minor utd Opcfative Suigeiy, and a cootplew description, with lUns. 
tiatKBs. of the Handkerehief and RoUer Bandages. By Edwaks Maktw, 
A.M.. H.D.. Pn4nMr of Clinkal SuigeT>\ I'niversity of Penmylt-ann. etc. 
Crown octavo, 33S pagci. iUustiated. With an Appendix on Antiseptic Sa^ 
turf. «c. Ooth. Ji.PO net. A SMMMjin' ihtatam Cim/^MA. 

"Vk'ANBMtMMtkit ModkM. it win be Mi BJoabMdialw K>ilu ptKtiiiiiKT. nuwmiosiBh 

Martin's E^ssentials of Minor Surgery. Baml- 
aging. and Venereal Diseases. *'*^2;S'**^ 

BMMtlab «( MlM» Smrrtry. nmimtj^. ami VoMreal Mmmc*. Br 
Edward Maktin, A.M.. U.P.. Itoirasor otClmical Sursenr. L>i\-erTitY of 
Iteasvtvania. etc. Crown ivuvo. too pa^e:i. with rS ilI-iCa-^<;[Li. 
Cloth. $1.00 net. 
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